INDEPENDENT MINDS 


THE 


NEGLECTED 


SUN* 



Why the Sun Precludes 
Climate Catastrophe 



‘Pi utos- T Vahrenhok has bnivdv diallensm fmn 

•r ft 

cnm enrional wisdom on warming at ^re 

personal nsk and cost l Eb book is esse ri rial reading* 


Nigel Lawson 





F RJ rz VAI I REN HOLT 

Sebastian Luning 




The Neglected Sun 

Why the Sun Precludes Climate Catastrophe 


Fritz Vahrenholt 

and 

Sebastian Liming 


Translated from the German, Die kalte Sonne 
by Pierre and Doris Gosselin 


t 

STACEY 

INTERNATIONAL 


The greatest challenge facing mankind is the challenge of distinguishing reality from 

fantasy, truth from propaganda. 

... We must daily decide whether the threats we face are real, whether the solutions we are 
offered will do any good, whether the problems we’re told exist are in fact real problems, or 

non-problems. 


Michael Crichton, 2003 



Contents 


CHAPTER 1 
CHAPTER 2 
CHAPTER 3 

CHAPTER 4 

CHAPTER 5 

CHAPTER 6 

CHAPTER 7 
CHAPTER 8 
CHAPTER 9 


Acknowledgements 

Preface 

It’s the sun, stupid! 

Climate catastrophe deferred - a summary 

Our temperamental sun 

Guest contributor: Nir J. Shaviv 

Solar forcing and twentieth-century climate change 

A brief history of temperature: our climate in the past 

Guest contributor: Nicola Scafetta 

The forgotten 60-year natural cycle and its significance for the development of 
our climate 

Has the IPCC really done its homework? 

Guest contributor: Henrik Svensmark 

Cosmic rays and clouds: experiments and observations 

The misunderstood climate amplifiers 

Guest contributor: Werner Weber 

Mining a treasure trove of 50-80-year-old solar data: the unexpected 
atmospheric amplifier of solar activity 

A look into the future 

How climate scientists are attempting to transform society 
A new energy agenda emerges 

Glossary and abbreviations 


Acknowledgements 


We thank Pierre Gosselin for his fruitful input. He not only translated the book into English but 
provided invaluable content suggestions. Furthermore, on his blog notrickszone.com Pierre regularly 
features key articles from our German-language blog kaltesonne.de in English, for which we are 
very grateful. 



Preface 


The day the book Die kalte Sonne was launched in Germany happened to be the coldest of 2012. And 
6 February was remarkable for another reason too: on that day Germany’s power grid teetered on the 
brink of collapse. Having decommissioned eight of its older nuclear reactors, the country was no 
longer able to guarantee its own power supply. Electricity from an old, mothballed, oil-fired power 
plant in neighbouring Austria and from Czech nuclear power plants had to be fed in to prevent 
Germany’s power supply failing. 

In 2011 Chancellor Angela Merkel announced that Germany would implement the Energiewende 
(energy turnaround) in an attempt to replace nuclear and fossil fuel power plants with renewable 
sources. At the same time, she promised that Germany would no longer need to import electricity and 
that electricity prices would not go up. Within less than a year this grand declaration proved to be 
little more than wishful thinking. 1 Today electricity prices in Germany are soaring out of control due 
to unlimited subsidies given to renewable power, and the German power supply can be secured only 
through emergency decrees. Power companies also have to keep unprofitable power plants on 
standby and large power consumers may find their supply cut off in the event of unexpected supply 
bottlenecks. Within less than a year, Germany has gone from having a power supply that was one of 
the world’s most stable to one that is on the brink of collapse. 

How did Germany reach this point? 

Germany is implementing an energy policy driven by fear. After a catastrophic tsunami on the other 
side of the globe struck Japan in 2011, causing the Fukushima reactor accident, fear gripped 
Germany. While other leaders such as Britain’s David Cameron and France’s Nicolas Sarkozy 
soberly acknowledged that a tsunami could not be expected in their respective countries and that their 
reactors were deemed safe, Merkel lost her nerve and prompdy shut down eight of Germany’s 
nineteen reactors even though they had been rated as among the safest in the world. 

At the same time, the German government made generating 80 per cent of the country’s electricity 
from renewables - wind and solar energy - by 2050 a national priority. Gas, coal and oil would not 
play a role in the future because Germany’s energy policy was being driven by fear of a climate 
catastrophe. 

This fear was being fanned by climate scientists such as Professor Hans-Joachim Schellnhuber of 
the Potsdam Institute for Climate Impact Research. He had been promoted to the position of chief 
climate adviser to the German Chancellor. Schellnhuber and his group succeeded in apportioning all 
the blame for past and future climate change on C0 2 alone. He is on record as saying, £ We ... can 
show that there is an extremely simple, quasi-linear relation between the global mean temperature and 
the total amount of C0 2 that will be emitted into the atmosphere over the next four or five decades. 
The climate system’s entire complexity can be boiled down to this simple linear relation’ [1]. 

Politicians simply accept this as true and base energy and social policy on this. The climate 
scientists who shape public opinion and the IPCC postulate that an uncurbed rise of atmospheric C0 2 
concentration will lead to a dramatic temperature increase of 2-6° C. 

Spreading fear is poor policy 

It is this fear-driven energy policy that has led to millions of tonnes of wheat being converted into 
biofuel, with some even being imported for that purpose. Our fear-driven energy policy has led to 


wind parks being erected in the middle of forests, thus destroying the function of the forest. Fear is 
why half of the world’s photovoltaic capacity is installed in mosdy overcast Germany, a country with 
no more sunshine than Alaska. This German energy policy mantra is what we question in our book. 
The reaction to our book from politicians and media was predictable: indignation, ostracism and 
marginalization of the issues and the authors. 

Just what outrageous facts did we bring to light? We were able to cite hundreds of scientific studies 
showing that the changes in the sun’s activity and oceanic decadal oscillations are responsible for at 
least half of the recent warming, which means that the contribution of C0 2 is at most half. 

Yes, some warming can be traced to anthropogenic and natural sources, but the impact of C0 2 has 
been wildly exaggerated. A warming of 2-6° C is not to be expected by the end of the twenty-first 
century; a warming of about 1° C is more likely. Worse still: the sun and ocean decadal oscillations 
indicate that we are entering a period of modest cooling that will last decades. 

Consequently, the earth-burning climate catastrophe, which has long been a creed for many in 
politics and the media, should be abandoned. That would mean cancelling the annual circuses of 
20,000 participants in exotic venues like Doha, Cancun and Durban. The high priests of climate fear 
would no longer be welcome; political advisers and their huge research budgets would shrink. The 
much yearned for transformation envisaged by green ideologues, where a centrally controlled 
energy economy would be put in place and hollow out the nation’s industrial base, would disintegrate. 
The alarming headlines of the globe burning up, which no doubt boost circulation and ratings, would 
quickly become a thing of the past. Indeed, there was a real threat to alarmism when Germany’s most 
widely circulated daily Bild changed tack and ran a series titled The C0 2 Lie’ just after our book was 
released. 

Everything is fine - just don’t voice any criticism! 

There were plenty of reasons for the media, scientists and politicians to avoid spreading such realism. 
Especially active in this respect were the leftist-liberal weekly Die Zeit (‘Vahrenholt as the front man 
of a new eco-reactionary movement’) [2] and the conservative Frankfurter Allgemeine Zeitung 
(‘Obsolete climate claims’, ‘ridiculous’). On the other hand, the weekly news magazine Der Spiegel 
and other dailies such as Die Welt gave the issues examined in our book broad coverage. 

The reaction of some climate scientists was particularly harsh, among them Professor Jochem 
Marotzke, director of the Max Planck Institute for Meteorology, Hamburg. He kept it as simple as 
possible by claiming that we were not real climate scientists: ‘If Vahrenholt studied the IPCC report, 
then he read a lot but understood little’ [3]. Professor Mojib Latif of the Helmholtz Centre for Ocean 
Sciences, Kiel took it a level higher, claiming that our arguments ‘belong in a well-deserved place in 
the graveyard of Absurdistan’ [4]. Universities, academies and other institutes came under pressure to 
cancel scheduled speaking engagements by the authors. 

Changing winds 

However, the arguments raised in our book were welcome overseas. Invitations came from the 
University of Oslo and the London Royal Society. Speaking engagements in Chicago, Vienna and 
Berne were met with positive resonance. We were even able to present our arguments before the 
European Parliament in Strasbourg, thanks to an invitation from the European People’s Party. 

Over the course of the year we were able to gain support even in Germany. The longer that Die 
kalte Sonne stayed on the bestseller list, the more obvious it became that our arguments were very 
well supported by a growing number of scientific publications, and as a result the more support we 
got from politicians and the media. Former Chancellor Helmut Schmidt found the reaction of some in 


the media ill-advised. He invited Fritz Vahrenholt to an hours-long meeting, and even allowed 
Vahrenholt and Liming to quote him as follows: 'I find your line of argument plausible.’ 

Science always progresses 

Hardly a week went by that new scientific publications underpinning the fact that C0 2 had been 
exaggerated did not appear. Contrary to the supposed IPCC consensus that natural climate variability 
does not play a major role in today’s or the past climate, many scientists continue to work on this 
important subject. New papers documenting the great importance of the inconvenient natural climate 
drivers are published in international, peer-reviewed journals almost every week. Many disciplines 
contributing to the climate puzzle are still in the early stages of research and many fundamental 
questions remain unanswered. Controversial scientific debates are an essential part of science and are 
taking place today despite all the claims coming from the IPCC that the 'science is settled’. Indeed, 
nothing could be further from the truth. 

Scientists find themselves in a quandary. How are they to deal with the politically incorrect 
scientific results? Two American researchers, Jackson Davis and Peter Taylor, recendy came across 
something astonishing. While studying an Antarctic ice core covering the past 12,000 years, they 
identified a total of forty-six strong natural warming events throughout the pre-industrial era. The 
mean warming rate of these events was approximately 1.2° C per century, more than the 0.7° C 
warming we have seen since 1900. While the material, methods and analysis of the study were sound 
and unchallenged, not a single major scientific journal was interested enough to publish these 
important results. Was it the study’s powerful, yet inconvenient conclusion that deterred the journals? 
Contrary to what is always claimed by IPCC-affiliated scientists, the warming that occurred over the 
past one and a half centuries is not unprecedented after all. Desperate to share their results with fellow 
scientists and the public, Davis and Taylor eventually posted their paper on the largest climate 
discussion blog (www.wattsupwiththat.com) for maximum distribution [5]. Similar pre-industrial 
warming events over the past 2000 years were also reported from China [6]. While papers from well- 
connected climate alarmists are routinely published within a few weeks, papers refuting the IPCC 
often struggle to get into print. Similar problems occur with the media coverage of new scientific 
climate studies. Interestingly, while new results inconvenient to the IPCC are often ignored, the latest 
climate scare stories - some paid for by insurance companies with a vested interest - are widely 
carried by the mainstream media. For example, how many of us have heard that winter temperatures 
at the Antarctic Ross Sea have significandy cooled over the past 30 years? [7]. Has anyone read that 
current temperatures on the Antarctic peninsula were at their present level for 7000 out of the last 
10,000 years? [8]. One might think that a study documenting that temperatures in southern Italy during 
the Roman Warm Period were slightly higher than they are today would be a worth reporting [9]. But 
such reports are largely ignored. Why do so many journalists shy away from spreading good news? 
The US National Oceanographic Data Center, for example, recently found in a new study that the 
ocean is not warming up as aggressively as the IPCC had predicted [10]. And the Gulf Stream is 
remarkably more stable than predicted earlier by the IPCC-affiliated climate scientist Stefan 
Rahmstorf. In western Europe the supposed record summer heatwave of 2003 was recendy 
downgraded to second place because it turns out a heatwave in 1540 was markedly warmer [11]. If the 
media are truly after an explosive news story, then they could begin by investigating the dubious 
temperature ‘corrections’ that are now being made to the measured data before they are input into 
official databases. Is it really justifiable that temperatures from the 1930s warm period are routinely 
corrected downwards while modern values are often inflated? 


Here comes the sun 

The past is the key to the present and to the future. Data provide us with a picture of pre-industrial, 
natural climate patterns. They reveal that when the sun was active, temperatures were high; and when 
the sun was quiet, temperatures were low. This was always the relation during pre-industrial times. 
That is one of the key findings of this book and is thoroughly documented in Chapter 3. 
Reconstructions based on ice cores, dripstones, tree rings and ocean or lake sediment cores reveal 
that temperature history was characterized by significant temperature changes of more than 1° C. 
Warm and cold phases alternated according to thousand-year cycles. Examples include the Minoan 
Warm Period three thousand years ago and the Roman Warm Period two thousand years. During the 
Medieval Warm Period, around a thousand years ago, Greenland was colonized and grapes suitable 
for winemaking were cultivated in England. Cold periods prevailed between the warm phases, among 
them the Little Ice Age which lasted from the fifteenth to the nineteenth centuries. All these 
temperature fluctuations occurred at a time when atmospheric C0 2 concentration was essentially 
stable, which means that only natural processes could have been responsible for the historical climate 
variations. Is it really credible to think that these natural variations came to a halt about 150 years 
ago? 

Let us consider for a moment what the climate since 1850 would have looked like had the natural 
pattern simply continued. 1850 marks the end of the Litde Ice Age, a natural cold period associated 
with low solar activity. Based solely on the natural pattern, we see that solar activity has increased 
since 1850, more or less in parallel with an increase in temperature. When we compare this with real- 
world climate data for the past 160 years, we are surprised to learn that this is exactly what happened. 
Both the timing and the 1° C warming fit nicely into the natural scheme. The solar magnetic field has 
more than doubled over the past century. According to the solar physicist Sami Solanki, the past 
decades have been among the most active in terms of solar activity in the last ten thousand years [12]. 

Does it really make sense to assume that the sun has almost nothing to do with modern climate 
warming, as the IPCC claims? Hard-core IPCC supporters such as Rahmstorf deny that solar-driven 
millennial-scale climate cycles exist and insist it’s a cul-de-sac for climate science. But many 
researchers disagree. Since the first edition of our book appeared in German in early 2012, many 
studies have been published confirming the great importance of natural climate cycles in the past, and 
therefore they also must apply to the present and the future [13]. We find that solar-driven millennial- 
scale cycles have controlled wet and drought phases in the Mediterranean region during Roman times 
[14]. Along the French Mediterranean coast, storms occurred in millennial cycles in line with solar 
activity [15]. In Germany too, the sun has driven the climate over the past 10,000 years [16]. Likewise, 
the temperatures of the Swiss Alpine lakes fluctuated according to the same rhythm [17]. Millennial- 
scale solar cycles were also found to be responsible for Alpine glacier movements [18]. Similar 
cycles were found in Finnish Lapland. Interestingly, each successive warm phase over the last 2500 
years was colder than the one that preceded it [19], marking a long-term cooling, which is not 
compatible with the climate catastrophe now being proposed by the IPCC. 

Solar-driven millennial-scale climate cycles are also reported in North America by a number of 
new studies. For example, temperatures along the coast of Cape Hatteras pulsated according to the 
rhythm of the thousand-year solar cycle [20]. Florida was drier when the sun was weak and wetter 
when the sun was strong [21]. The climate of British Columbia has been driven by solar activity over 
the past 11,000 years [22] and in South America the sun regulated the distribution and intensity of the 
monsoon rains [23]. 

In China’s Taklamakan desert, oases blossomed according to solar millennial-scale cycles [24]. 
Likewise, temperatures on the Tibetan plateau followed the sun’s pattern [25]. The East Asian 
monsoon too was controlled by solar activity [26]. The currents of the East China Sea varied 


according to the sun’s activity [27]. Even the climate of Lake Baikal fluctuated in accordance to the 
solar rhythm [28]. Natural climate cycles led to the collapse of the mighty Indus civilization [29]. 
Finally, the rains in south-east Australia followed the solar pattern [30]. Could all this be a 
coincidence? All these studies affirm the need to include the sun as a key climate driver. And any 
models used to project future climate trends need to be tested rigorously by using the climate of the 
pre-industrial 10,000 years. Only models capable of reproducing the known climate past can be 
approved for use in future modelling. Unfortunately, not a single climate model used today by the 
IPCC is able to reproduce the climate cycles of the past. 

We find the sun everywhere 

Besides long-term millennial-scale solar cycles, researchers have also found evidence that changes in 
solar activity strongly contribute to climate development on human timescales, that is to say in years 
and decades. For example, Norwegian studies have revealed that a significant part of the warming in 
their country has been caused by the sun [31-34]. In Sweden too, climate and solar activity are tighdy 
linked [35]. In neighbouring Finland, solar cycles have been discovered in tree rings [36]. The extent 
of Baltic Sea ice is now known to be influenced by solar activity [37], as is the ice on the Rhine in 
central Europe [38]. A massive cold period in central Europe 2800 years ago appears to have been 
triggered by a weak sun. [39]. The north Atlantic deep water formation was found to be modulated by 
the sun [40]. The notorious rains in Northern Ireland are affected by changes in solar activity [41]. 
Winds in Portugal were particularly strong when the sun was weak [42]. Solar activity fluctuations 
and the North Atlantic Oscillation (NAO) have contributed to Italy’s climate over the past 10,000 
years [43]. A solar influence can even be detected in Italy’s salt marshes [44]. 

In Asia, monsoon rains have waxed and waned according to the rhythm of the sun over the past 
150 years [45]. Rains on the Tibetan plateau ceased whenever the sun weakened [46]. Coral reefs in 
Japan died during cold phases triggered by low solar activity [47]. A marked solar influence on 
Japan’s climate was also found in other recent studies [48-49]. Wet phases in the Aral Sea were 
associated with solar high activity phases [50]. The rains in Maine over the past 7000 years have been 
controlled by the sun [51]. A solar influence on precipitation has now been found for Brazil [52-53]. 
Solar cycles have even been detected in the water masses of the deep sea [54]. The field of research in 
solar-climate interaction is more active than ever [55-58]. Unfortunately, the IPCC has chosen to 
marginalize and underrate this important subject. Therefore, books like this one provide thousands of 
active researchers in this field with a much-deserved public platform and recognition for their 
painstaking and fascinating work. 

The illusive C0 2 fingerprint in the middle atmosphere 

In the past, IPCC-friendly scientists always argued that the enormous climate potency of C0 2 could 
easily be demonstrated. In the middle atmosphere, namely the stratosphere, temperatures had been 
cooling, they said. And the reason for this could only be the C0 2 greenhouse effect because warming 
in the lower atmosphere would always be associated with cooling in the middle atmosphere. Activist 
scientists like Mojib Latif have used this logic in numerous public lectures. People hear this and have 
no choice but to believe it because they don’t have knowledge or literature to verify the claim. 

However, when we take a closer look at this proposed C0 2 ‘proof’, the story quickly falls apart. 
First, while the temperature in the stratosphere did indeed decline between 1980 and 1995, since then it 
has been fairly stable. Contrary to Latif ’s claim, the stratosphere has not cooled at all over the last 15 
years. This is not a good start for the alleged C0 2 warming ‘proof’. Unfortunately, there is more: the 


cooling of 1980-95 coincided with the thinning of the ozone layer. Since the mid 1990s, however, the 
ozone layer has been recovering due to the reduction of chlorofluorocarbons (CFCs) and other 
substances addressed by the Montreal Protocol. This is precisely when stratospheric cooling stopped. 
Could temperatures in the middle atmosphere possibly be linked to the ozone concentration rather 
than to the C0 2 greenhouse effect as Latif claims? Research conducted at Columbia University and 
the Leibniz Institute of Atmospheric Physics, Kiihlungsborn, appears to indicate precisely that. It is 
indeed mostly ozone that drives temperatures at those atmospheric levels, and not C0 2 [59-60]. And 
what really drives the ozone concentration in the stratosphere and mesosphere besides the CFCs? A 
series of papers published in 2010-12 provide the answer [61-65]: it’s the sun, stupid! The C0 2 
fingerprint in the middle atmosphere has disappeared, but hardly anyone has acknowledged it, 
especially not the old climate guard of the IPCC. 

Extreme views on extreme weather 

Major new developments have also occurred in the field of extreme weather since the German edition 
of our book came out. In March 2012, the IPCC published a special report on extreme weather [66], 
which stated that there will be no detectable influence on the earth’s weather systems by mankind for 
at least 30 years, and possibly not until the end of the century. If and when mankind’s influence 
becomes apparent, then it may just as likely reduce the number of extreme weather events as increase 
them [67]. New studies from central Europe confirm that our weather is still well within the range of 
natural variability [68]. In the Alps, weather extremes have even declined [69]. As discussed in 
Chapter 5, there is currently no scientific evidence that storms have become more extreme in recent 
decades. 

When a severe drought struck the United States in 2012, many pundits viewed it as a portent of the 
coming climate catastrophe. While this event was certainly a catastrophe for the areas affected, an 
individual event like this has little relevance for the long-term climatic drought trend. A study carried 
out by researchers at Princeton University and the Australian National University, Canberra was 
published in the science journal Nature in late 2012 [70]. The results are unequivocal: droughts have 
not increased in frequency over the past 60 years. Another recent study of the Mediterranean found 
that rainfall today remains within the range of natural variability [71]. Other studies have revealed that 
the most severe droughts in Sweden and Spain occurred during the seventeenth to nineteenth 
centuries, during the Litde Ice Age [72-74]. What has long been ignored is that marked natural 
drought-wet cycles operating over timescales of decades, centuries and millennia do exist. Many of 
these cycles are driven at least in part by changes in solar activity [75]. Studies have documented such 
cycles all over the world - Norway [76], the Mediterranean [14], the north-eastern United States [51], 
Mexico [77-78], South America [23, 79-80], the Sahel, [81], Lake Malawi [82], China and East Asia 
[24, 26, 46, 83-85], the Aral Sea [50] and south-east Australia [30]. A team from the US National 
Oceanic and Atmospheric Administration (NOAA) found that current climate models are still not able 
to reproduce regional trends in precipitation [86]. Most notably, the models significandy 
underestimate natural variability, according to these authors. 

River flooding is still within the range of natural variability 

Research has also moved forward on the question of whether river floods have already spiralled out 
of control and beyond the range of natural variability during the current Modern Warm Period, as 
some IPCC-affiliated players have claimed. The first surprising news was that global precipitation has 
become less extreme over the past 70 years [87]. Yet studies in the United States and Africa could not 
detect any statistically significant increase in flooding events [88-89]. Greater damage has more to do 


with ever more people settling in areas vulnerable to flooding and higher property values. Evidence 
for a link to anthropogenic global warming has not been found [90]. Prior to the floods of 2011 and 
2012 in Australia, the IPCC suggested that droughts would be the greatest environmental threat to the 
country. Abruptiy, the floods were re-interpreted and explained by alarmist activists as ominous signs 
of an imminent manmade climate catastrophe. However, a subsequent and in-depth scientific analysis 
revealed that the Australian floods had a natural cause - the La Nina phenomenon, enhanced by the 
negative phase of the Pacific Decadal Oscillation (PDO) [91]. Another interesting result comes from 
the central European Alps, where research has shown that floods were more frequent there during 
cold rather than warm periods [92-93]. 

The climate sciences are still in an early and turbulent phase, where new research often exposes 
previously held scientific beliefs to be misconceptions. It is therefore essential to keep asking critical 
questions whenever sensational climate claims are made. All too often such concepts have collapsed 
when subjected to rigorous testing. This book aims to investigate the fundamental facts relevant to the 
climate catastrophe claims proposed by the IPCC and industries with vested interests, such as the 
insurance sector. Prepare yourself for an eye-opening journey through a climate science Wild West. 
You will be surprised to read about scientific distortions that you never would have thought possible 
in the supposedly enlightened twenty- first century. 
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1. It’s the sun, stupid! 


For many of us the term ‘climate change’ stirs strong emotions. The string of catastrophe reports 
coming from the media seems endless. Every month we hear or see news of another disturbing 
climate record. Carbon dioxide produced by mankind is dramatically changing the climate, we are 
told. Unprecedented temperature extremes, storms, floods, widespread death and a slew of other 
horrors are said to be imminent. If we fail to apply the emergency brake now, and hard, then the 
climate will be irreparably damaged and there will be little hope of averting the approaching 
cataclysm. In just a few more years it may be too late, we are constandy warned. We are also told that 
the measures proposed for averting disaster are costly, very cosdy, but that the anticipated damage 
from climate change will be even more expensive, so there is no alternative but to act quickly and 
decisively. Politicians have come under pressure. Based on a chorus of dire warnings, laws for 
changing the direction society is taking have been enacted and billion-dollar decisions have been 
made. 

There’s no question about the general thrust. Eventually, we are going to have to utilize energy 
more efficiendy and we shall need new technologies to replace much of our finite supplies of oil, gas 
and coal. Renewables will become one of the main pillars of our energy supply. However, the crucial 
question remains: How much time do we really have to carry out a comprehensive transformation of 
society? 

The key to answering this question can be found in the climate sciences. It boils down to solving 
the problem of determining what share of the observed climate change has been truly caused by 
human activity and how much is due to natural factors. Meanwhile, the world seems to have split into 
two camps: those who are convinced mankind is significantly changing the climate through emissions 
of industrial C0 2 and those who see natural fluctuations at work. In the heat of the debate, the fact that 
nature is rarely a black-and-white picture is often lost. In reality, there are many indications that show 
our sun plays a more important role than C0 2 in the climate and that at times they may be mutually 
enhancing, and at times can offset each other. 

Very different reasons compelled us to examine the sun and other natural events as the possible 
triggers for climate fluctuations. Sebastian Liming is a geoscientist who has spent almost 20 years of 
his working life studying the climate and the earth’s history. Time and again he has asked himself: 
Why is it that natural forces were able to dominate climate events in the past, but today they are 
believed to have become practically impotent? Is this a realistic assumption? 

In December 2009 Fritz Vahrenholt, an energy expert, was asked by the UN Intergovernmental 
Panel on Climate Change (IPCC) to review the draft of a renewable energy report. I (Vahrenholt) 
found 293 errors and deficiencies in the 1000-page report, and then found at an IPCC meeting of 
experts held in Washington on 1 February 2010 that my remarks met no objection. So I asked myself: 
Could it be that a similar superficial and flawed approach had been taken to the topic of climate 
change? I am not a climate scientist, but I do have a comprehensive, in-depth knowledge of the 
renewable energy sector. Up to that point I had trusted the IPCC’s pronouncements on climate 
protection. Taking such an unscientific approach to the main issue of climate as had been taken to the 
report on renewable energies would have been absolutely unthinkable to me. Up to that point, I had 
trusted all IPCC reports and never doubted the recommendations based on them. 

But signs of deficits and deficiencies with the consensus finding process of the IPCC climate 
report started piling up. First, the warning that Himalayan glaciers would melt completely by 2035 



was an alarming statement in the 2007 IPCC report. However, that claim had never been confirmed by 
studies from the Indian Ministry of Environment. IPCC Chairman Rajendra Pachauri initially called 
the results ‘voodoo science’, before lamely admitting 2 years later that the 2035 glacier melting claim 
originated from a telephone interview with a scientist, Syed Hasnain, who said the statement was 
intended as pure speculation. This telephone interview was quoted by the World Wildlife Fund 
(WWF) and the claim found its way into the 2007 report. Pachauri finally expressed his regret over 
the blunder in January 2010. 

My uncertainty only grew after the Climategate scandal, when thousands of emails were made 
public and gave the impression that a crucial temperature data series from the University of East 
Anglia Climate Research Unit (CRU) had been changed to depict a growing warming trend. The CRU 
data series had been used prominently by the IPCC. CRU’s head, Phil Jones, denied every irregularity, 
but resigned during the ensuing investigation. Subsequent investigations confirmed that infractions of 
the scientific obligation to make data available to other scientists had been committed, but threw out 
the charges of manipulation. My suspicions were aroused by all of these incidents. This left me with 
no choice but to take a much deeper look into climate science itself, and especially examine 
alternative scientific views that had failed to find their way into the official reports. 

The second factor that compelled me to take a closer look at the sun and other natural impacts on 
climate came from within my own company. In early 2008 I had been appointed managing director of 
RWE Innogy. For decades RWE had failed to invest in renewable energy. As Europe’s fifth largest 
power provider, the lion’s share of RWE’s power had been produced by burning lignite and anthracite 
coal. With the European emissions trading certificates looming, it was clear that from 2013, unless it 
reduced its C0 2 emissions, RWE would have to cough up billions of euros over the long term. The 
new chairman, Jurgen Grossmann, decided to cut the company’s C0 2 emissions by implementing an 
ambitious investment programme in renewable energies, in addition to replacing older power plants 
with newer, more efficient coal-and gas-fired plants, and extending the operating lifetimes of its 
nuclear plants. From that point on approximately 1.2 billion euros a year were invested in wind, 
biomass and hydroelectric power plants. A respectable portfolio resulted after just 3 years: over 2300 
megawatts of renewable power capacity is now online. 

However, much to our surprise, the outputs from the wind power plants ended up falling far short 
of our expectations because the wind during the winters simply failed to materialize. In 2009 winds 
were down 10 per cent, in 2010 they were down a whopping 20 per cent, and in 2011 about 10 per 
cent. We discovered that across all the northern European countries (Britain, the Netherlands and 
Poland), the wind had simply taken a break. For years I had been chairman of a wind power company, 
REpower Systems AG, and so I was familiar with the unpredictability of the wind. However, such a 
widespread, multi-year fluctuation was completely unprecedented. Was this the first sign of climate 
change, brought about by anthropogenic global warming? Were the wind patterns of Europe 
changing permanendy? This had to be investigated because we intended to invest up to another 5 
billion euros in onshore and offshore wind parks over the next 5 years. In fact, we were planning to 
become one of the largest offshore investors in the North Sea, and so we had to be certain that the 
turbine-driving winds would not peter out. This scenario was nowhere to be found in the official 
IPCC statements. 

One day I happened by chance to come across a paper by Michael Lockwood on the connection 
between cold winters and solar radiation [1]. I was completely absorbed! We always knew that 
whenever we had a stubborn system of cold easterly winds in the winter, the wind park yields would 
drop dramatically. On the other hand, strong westerly winds blowing in from the Atlantic provided 
enough energy to power the wind parks to near full capacity. 


In Europe, whether westerly winds or easterly winds prevail depends in large part on the 
atmospheric pressure difference between Greenland and the Azores. This is known as the North 
Adantic Oscillation (NAO). A positive NAO means there is a large difference between both pressure 
systems (a powerful Icelandic low and a powerful Azores high), a negative NAO means there is a 
weak difference (a weak Icelandic low and a weak Azores high). With a negative NAO, the powerful 
westerly winds are driven to the south and the weaker Siberian-influenced easterly wind systems make 
their way across northern Europe more frequendy, thus making winters there colder and less windy 
(Figure 1.1). 



Figure 1.1 Annual energy production in Germany is closely coupled with the North Atlantic Oscillation (NAO). The NAO is a 
naturally occurring climate oscillation which appears to be influenced by solar activity. 

But what is it that drives the NAO? Lockwood provided the decisive clue to solving this riddle. He 
linked the NAO and the British winter temperatures to solar activity. He determined that solar activity 
had strongly diminished at the end of the last decade and was able establish a statistically strong 
correlation between solar activity, the NAO and how cold British winters were [1]. I was stunned by 
his conclusion: despite global warming, Britain and Europe would have to reckon with cold winters 
in the near future [1-2]. The physical processes involved have meanwhile been successfully simulated 
in climate models [3-4]. 

In Lockwood’s paper I read for the first time how the 11-year solar cycle had an impact on our 
weather and climate. I turned to sunspots next and came across more surprising relationships between 
solar activity and climatic change, both in the earth’s history and mankind’s recent history. I found 
relationships the IPCC had not reported - for example, that there is a 210-year (Suess/de Vries) cycle, 
an 87-year (Gleissberg) cycle and an 11-year (Schwabe) cycle with which solar activity oscillated. I 
was also surprised to learn that there is a scientific consensus on the fact that these cycles had an 
impact on climate development in the past - along with volcanic events and the 100,000-year 
Milankovitch cycles, which triggered the huge ices ages and warm interglacials. 

The more I delved into the literature, the more obvious became the discrepancy between my 
knowledge and what I had shown as the ‘hockey stick’ in my presentations over the years. The hockey 
stick is a temperature reconstruction that depicts almost 900 years of relatively subdued temperature 
change from ad 1000 to 1900, followed by a sharp warming over the last century (Figure 1.2). 
During my time as an environmental senator, as a manager for Shell for renewable energies, as 
chairman of REpower Systems and as RWE Innogy CEO, I demonstrated the exceptional features of 
the warming since the middle of the twentieth century in hundreds of presentations, speeches and 
conferences. 

I used Michael Mann’s ‘hockey stick’ even though I should have known that relatively warm 
eleventh-century Greenland was not called ‘green’ for no reason and that the Little Ice Age depicted 
in Pieter Bruegel’s paintings were familiar. In the meantime, a series of studies has been published 
that show the Medieval Warm Period around the year ad 1000 had a similar temperature level to 
today’s and that the Little Ice Age of the sixteenth century was about 1° C cooler than today [5]. 
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Figure 1.2 Temperature development and trends of the last ten years as illustrated by three established global temperature data 
sets (surface stations and satellite measurements). Global warming has essentially stopped since the year 2000. Temperatures 
have fluctuated about a stable plateau. 

The geologist and, at the time, my RWE colleague Sebastian Liming referred me to two books: 
The Hockey Stick Illusion by Andrew Montford [6] and The Chilling Stars by Henrik Svensmark and 
Nigel Calder [7], which I tore through over a matter of days. In Montford’s book I read the following 
by David Deming, who received this in an email from an IPCC scientist: ‘We have to get rid of the 
medieval warmth.’ As I went through the ruses used to create the hockey stick, which feigned an 
unprecedented global temperature increase during recent decades, I was upset. I felt the wool had been 
pulled over my eyes. 

To initiate a broad discussion on this obviously flawed procedure used by the IPCC, I wrote an 
essay that was published in the German daily Die Welt. It described the attempt by IPCC climate 
scientists to trivialize the natural variability of the climate in order to be able to make climate gas 
C0 2 the single determining effect on our future climate. This simplification was obviously necessary 
to give the political demand of radically changing the global energy supply badly needed momentum. 

The reaction to my piece from traditional climate scientists was frightening. The paper, titled The 
Cold Sun, was characterized by Stefan Rahmstorf, lead scientist at the Potsdam Institute for Climate 
Impact Research and co-author of the IPCC Fourth Assessment Report, as ‘an extraordinary example 
of twisting scientific facts’. I had pointed out that the warming had ceased in 1998, yet Rahmstorf 
called this a distortion, claiming that all established global climate data sets showed a rising trend [8]. 
Is that true? Let’s put it to the test by looking at temperatures over the last 10 years. The result: two 
important data sets (HadCRUT and RSS) show a cooling trend (Figure 1.2). The rise in other data sets 
is minimal when compared to the strong warming phase of 1977-2000. 

The confrontation served to initiate one thing: that we take a deeper look into natural climate 
change. Together with Liming I became more intensely involved with the natural causes of climate 
fluctuations and tracked down the real extent of the C0 2 threat. Manfred Bissinger, a leading name in 
German journalism, encouraged us to go one step further and write a synthesis about it. This book is 
the result. It reports on the astonishing findings that stem from our research and our discussions with 
palaeontologists, astrophysicists, solar scientists, oceanographers and theoretical physicists. For 
more than a year we talked to many scientists of varying opinions from all over the world and 
exchanged or requested information about new research results. 2 

Our conclusions? At a sociopolitical level, they are highly explosive. There is no question that 
C0 2 , methane and other climate gases have a limited warming effect on our climate. But there is also 
no doubt that a large part of the warming measured so far can be traced back to natural causes, with 
the sun having the most powerful impact on our climate. 

Currently, the sun is in the process of switching to a longer-term phase of weak activity [9-10] and 


as a result we can expect a cooling period over the next decades. This is why we call it the Told sun’. 
Over the coming decades the cold sun will give us the time we need to put the energy supply system 
on a sustainable basis without putting our civilization’s prosperity in jeopardy by implementing 
irrational, knee-jerk measures. Yes, of course it is necessary to free ourselves of our long-term 
dependency on fossil fuels for a number of reasons. We have to research new technologies for a 
sustainable energy supply, and we can develop renewable energies so that they become an economic 
alternative to traditional energy sources. This conversion process will take decades. But the cold sun 
will give us the time to do it in a measured way. 

So why have the IPCC, many scientists and politicians been so successful in designating C0 2 as the 
sole cause of the warming during the second half of the twentieth century? As we shall show, there is 
a multitude of natural causes - the changing solar irradiative intensity in harmony with the large solar 
cycles, the solar magnetic field in connection with cosmic radiation and cloud formation, the 
oscillating Pacific and Atlantic warming and cooling processes, stratospheric ozone, atmospheric 
water vapour and also poorly understood additional anthropogenic causes such as soot and aerosols. 
In this book we shall show that the earth’s climate depends in large part on multiple natural effects that 
are complexly interconnected, and are the main cause of the 1977-2000 warming. 

Designating a single factor - namely, C0 2 - as the only meaningful climate driver has truly been 
the dubious crowning achievement of political and scientific communication. The conclusion that one 
derives is utterly misleading in that it suggests that we ‘only’ need to reduce manmade C0 2 emissions 
and then everything will be lovely. That was the simple message that the media and politicians readily 
accepted. It became the guiding narrative of every privately and publicly held discussion. Because of 
the simplicity of the equation for describing the climate system, it is easy for everyone to grasp. 
Unfortunately, it is false, as we shall demonstrate. 

Physics and nature simply do not allow themselves to be influenced by such facile messages. It is 
becoming obvious that since the start of the millennium the C0 2 equation for explaining the climate 
really doesn’t hold water. Despite continued increases in C0 2 emissions, the global temperature has 
not risen over the last 13 years. The sun has weakened and is now showing us its cold side. The 
Pacific Decadal Oscillation - which describes the alternation from warm and cold water areas in the 
northern Pacific Ocean - does the rest. 

In the next chapter we summarize the most important facts and interrelations. Assessing the mass 
of scientific data has led us to conclude that warming in the twentieth century is due only a small 
extent to C0 2 . More importandy, the 2-degree limit, which has been the mantra for all energy- 
political objectives in the political debate, will in all probability not be exceeded in the current 
century. 

We hope that The Neglected Sun will make a contribution to initiating an urgent and much needed 
political discussion on realigning our climate policy, to opening up scientific research on the natural 
causes of climate change and to reorienting energy policy towards the politics of energy efficiency. 
The focus must return to ensuring that massive financial resources are rationally allocated to the truly 
urgent social, societal and ecological problems of the nine billion people on our planet. 
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2. Climate catastrophe deferred - a summary 


No topic has dominated national and international politics for as long and as forcefully as concern 
over global warming. People in Europe and in many countries across the globe fear climate change is 
going to fundamentally and adversely change their lives and those of future generations. Global 
warming is making an impact at every political level. Today, hardly any local or state political 
decision is made or legislation enacted without first examining its impact on climate protection. 
Whether building a community cycle track, educating our children or passing laws on energy, 
transportation or social issues, everything first has to be discussed with respect to the fundamental 
climate question of how to prevent global warming. The main culprit has long been identified: 
mankind and the uncontrolled emissions of carbon dioxide, which are allegedly transforming the 
world. It is what we read day after day in our newspapers, what we hear from legislators, political 
parties and heads of institutions, and what we experience as laws that attempt to drastically curb the 
rise of C0 2 emissions. It is true that the earth has warmed at least 0.8° C over the last 150 years, with 
0.5° C of this having occurred since 1977 alone, as some data sets show. It is also true that mankind 
has boosted atmospheric C0 2 concentrations over the last 150 years. In around 1750, atmospheric 
C0 2 concentrations were 0.028 per cent; since then concentrations have climbed to 0.039 per cent due 
primarily to the burning of fossil fuels. And because fossil fuels are still used in large quantities, 
global atmospheric C0 2 concentrations are increasing at about 0.0002 per cent a year (2 ppm). IPCC 
scientists insist that the climate system will be catastrophically damaged as a result, most likely 
irreversibly. Apparendy, we are dealing with two variables that are increasing parallel to each other 
over time. Because both the temperature and C0 2 curves appear to have long-term similarities, it is 
tempting to assume that a causal relationship exists. This is precisely what the IPCC does, and based 
on that, this UN body has developed theoretical models that leave little room for the impact of other 
important climate factors. 

However, it’s just not that simple 

The simplistic view that manmade gases are driving the temperature would be satisfactory and 
possibly adequate were it not for another major factor that has gained considerably in strength over 
the last 150 years, namely solar radiation. The sun’s activities are cyclical. The most well known is 
the 11-year cycle. But equally important are the longer cycles of about 87, 210 and 1000 years. Just 
how much warming should be attributed to C0 2 and how much to the sun remains one of the most 
important open questions in the climate debate. But instead of applying themselves to this important 
question without prejudice, IPCC officials have opted to keep it as simple as possible. As a result the 
all-important sun has all but been deleted from the climate equation in theoretical calculations, thus 
disqualifying C0 2 ’s meddlesome rival. According to the IPCC, the main cause of the past and 
expected future warming is and remains manmade C0 2 in conjunction with other anthropogenic 
greenhouse gases. Natural processes, such as solar activity, play hardly any role in today’s climate, 
according to the IPCC. 

The IPCC’s main reason for ignoring the sun is its minimal (0.1 per cent) variation in total solar 
irradiance measured over the course of the 11-year solar cycles. With such a marginal change in 
irradiance, one simply cannot expect the global temperature to be significandy affected, the IPCC 
says. However, it overlooks a crucial detail. In the subdomain of UV irradiation, strong fluctuations 



do indeed occur, of up to 70 per cent. UV light is converted to heat in the ozone layer and ionosphere 
and, as a result, leads to a formidable temperature roller-coaster with magnitudes of change reaching 
several degrees Celsius - all synchronized with the 11-year solar cycle. An explanation for the causal 
relation between the massive stratospheric fluctuations and the tropospheric climate events below 15 
km, however, has not been found so far. 

The sun’s magnetic field also fluctuates in sync with the 11-year solar cycles, and this has a 
profound impact of 10-20 per cent on cosmic rays. (Cosmic rays are showers of charged subatomic 
particles that strike the earth’s atmosphere.) The number of particles reaching the earth depends on the 
strength of the sun’s magnetic field. When the magnetic field is strong, it shields the earth. When it is 
weak, cosmic rays easily penetrate deep into the earth’s atmosphere in increased quantities. These 
cosmic particles seed clouds in the lower atmosphere, which cool the earth. In other words, intense 
solar activity leads to less cloud cover, resulting in more warming, whereas weak solar activity leads 
to more cloud cover and so causes cooling. Recent studies have shown that low cloud cover over 
parts of the earth oscillates in line with solar activity. Low clouds form a huge umbrella which keeps 
a large part of the solar radiation energy from reaching the earth. And just a few per cent variation in 
cloud cover results in a change in the earth’s irradiative energy budget equal to the projected amount 
of the warming the IPCC claims that anthropogenic C0 2 causes. 

In 2009 a series of remarkable experiments were initiated at the European Organization for 
Nuclear Research (CERN) in Geneva, in an attempt to explain the interrelation between cloud 
formation and cosmic rays. A stream of particles from the CERN Proton Synchrotron imitated 
cosmic rays. The particles were streamed through a 3-metre diameter cylindrical chamber which 
contained different mixes of atmospheric gases. After the bombardment, scientists looked to see if 
suspended particles that could serve as seeds for clouds had formed. In the summer of 2011 
researchers presented their first spectacular findings. The experiments showed that inside the 
chamber, up to ten times more suspended particles (aerosols) were present than what is found in a 
neutral chamber. Next, scientists want to find out whether larger particles can form from these small 
suspended particles and thus serve as condensation seeds for cloud formation. 

There are strong indications that the solar contribution to climate is not only created by UV 
radiation, but also through the functional chain of solar magnetic field (cosmic rays) clouds. The two 
mechanisms may act independentiy, yet work in tandem. It seems that the observed small amount of 
variability in the total solar irradiation spectrum plays no major role in climatic events. The IPCC 
argument against the sun is solely based on these small changes and therefore does not hold water. 
Despite rapidly growing evidence of solar mechanisms having a profound impact on climate, the 
IPCC still refuses to take either of the two solar amplification processes into account in its climate 
model scenarios, even though the IPCC’s fundamental policy requires every possibility to be 
examined in a statistically exhaustive manner. The IPCC bases its dismissal of the sun on the claim 
that the physical processes are simply not understood sufficiendy. 

Yet, that kind of reasoning has never kept these UN officials from warmly embracing another 
natural effect that is even less understood, namely water vapour feedback. The direct warming caused 
by atmospheric C0 2 is an unspectacular 1.1° C for each doubling of C0 2 concentration. This is 
generally accepted. But C0 2 -induced atmospheric warming increases the air’s ability to carry water 
vapour, which in turn may lead to increased net water vapour concentrations. It is well known that 
water vapour is an even more potent greenhouse gas than C0 2 . Thus, according to the IPCC, C0 2 ’s 
modest warming contribution of 1.1° C is amplified by the additional water vapour in the atmosphere. 
This is the questionable assumption on which the UN bases its alarming prediction of a temperature 
rise of up to 4.5° C for each doubling of C0 2 . 



The decision to deploy this amplification effect is truly astounding, especially when we consider 
that many experts are still vehemendy debating just how great the amplification effect really is. More 
water vapour can also lead to more cloud cover, which would act to block out the sun and thus have 
the opposite effect - it would actually slow down C0 2 warming. Moreover, we have to keep in mind 
that the water vapour amplifier has to be applied to warming of every type independendy of their 
origin, and not just to manmade greenhouse gases. Therefore, any warming due to increased solar 
activity would also have to be amplified by water vapour just as amplification for C0 2 is postulated 
by the IPCC. And, lo and behold, it turns out that the specific water content at an elevation of 10 km 
just happens to have pulsated in sync with the sun’s activity since measurements first began 60 years 
ago. 

There is evidence to show that the sun is responsible for at least half of the 0.8° C warming that the 
earth has experienced since 1850. But assigning a climate contribution to the sun would mean 
reducing C0 2 ’s contribution and thus diminish the IPCC’s threat of warming. If C0 2 is truly such a 
potent climate driver and the sun also turns out to be a much more powerful climate driver than 
previously thought, then the warming we have seen since the end of the Little Ice Age would have 
been much higher than it actually is. Consequentiy, it is not in the IPCC’s interest to place more 
importance on the sun. Its climate models work only if the sun is excluded as a factor. 

The fickle sun 

What makes us so sure that the sun, which is dismissed by the IPCC, plays a central role in climate 
events? That is relatively easy to answer. Geological climate reconstructions exhaustively show that 
temperatures on earth have followed solar activity for thousands of years. That is not surprising when 
we consider that 99.98 per cent of the total energy of the world’s climate comes from the sun. Would 
it not make sense to suspect that even small changes in solar energy could have huge impacts? 

Fluctuations in solar activity are manifested over a wide range of cycles and have characteristic 
cycle lengths of between 11 and 2300 years. Especially important in today’s context is the 1000-year 
cycle, which led to unusually high irradiation intensities during the second half of the twentieth 
century. Over recent decades, the sun has been in one of its most active phases of the last 10,000 years. 
Solar magnetic field activity more than doubled between 1901 and 1995. Similar irradiation 
maximums occurred 1000 years ago (the Medieval Warm Period) and 2000 years ago (the Roman 
Warm Period). In both periods, pronounced climate warming took place. The Roman Warm Period, 
the Medieval Warm Period and today’s Modern Optimum (since 1850) are well documented. Between 
those warm periods the sun’s activity decreased and this led to distinct cold phases - the Vandal Cold 
Period and the Little Ice Age. 

Many studies investigating different oceans and several continents have shown that similar cycles 
shaped climate events throughout the entire 10,000-year post-ice age period. These cycles are visible 
in the lower, middle and upper latitudes and include all the climate zones from the Arctic to the 
Tropics. Temperature fluctuations over the last 10,000 years were at times up to several degrees 
Celsius, and so on a global average they had a similar or even larger range than the 0.8° C or more of 
warming that we have seen since the Little Ice Age (1400-1800). So just how plausible is it to ignore 
the link between the sun and climate? 

The IPCC models run into trouble 

When it comes to the time-point and magnitude, the temperature increase of today’s Modern Warm 
Phase should come as no surprise. C0 2 has probably enhanced the current natural cycle, but it is 



obvious that the main climate driver is the sun. Only a small part of the 0.8° C temperature rise seen 
since 1850 can be attributed to C0 2 . There is serious doubt over the IPCC’s claimed impact of C0 2 on 
the climate, especially when it comes to C0 2 ’s alleged water vapour feedback mechanism. There is 
also evidence indicating that the IPCC models are full of gross errors because they massively 
underestimate the role of the sun and other natural climate oscillations. Even the most powerful and 
most expensive computers are useless if they are input with fundamentally flawed assumptions. 
Therefore, conclusions drawn from the climate models need to be subjected to rigorous review. 

Currendy, less than half of the temperature increase postulated by the IPCC climate models can be 
found in real-life temperature curves. The explanation for this discrepancy may be the inflated value 
placed on C0 2 ’s climate sensitivity and/or the cooling effect of aerosols. Not surprisingly, the IPCC 
favours the latter and assumes that aerosols have significantly offset C0 2 ’s warming. Yet it warns that 
in the future emissions from aerosols will decline, at which point the C0 2 effect will be felt in full. 
Only by applying such assumptions is the IPCC able to come up with its dramatic projected 
temperature increases. 

Fortunately, it is not going to turn out that way. That the temperature has stalled and not warmed 
over the last 13 years is a little-known fact. Global temperatures levelled off beginning in the year 
2000, even though C0 2 emissions and atmospheric C0 2 concentrations continued to rise every year. 
Yet the IPCC still reported that the temperature would rise 0.2° C per decade. Had the IPCC scientists 
taken a closer look, they would have spared themselves this embarrassment for two reasons. 

First, the earth is in the process of putting the Great Solar Maximum behind. That means a cold sun 
will leave its mark on the decades and centuries to come. Second, the IPCC should have noticed that 
the warming of the last 150 years took place over three distinct stages: 1860-80, 1910-40 and 1975- 
2000. The temperature increases for these three episodes were similar, at about 0.15° C per decade. 
Between these warming phases global temperatures cooled or stagnated. 

What stands out is that the warming and the cooling phases were synchronized with the Pacific 
Decadal Oscillation (PDO), which is an oscillation within the climate system itself. One complete 
PDO cycle takes between 40 and 60 years. Every time the PDO enters a negative phase, global 
warming ceases. The PDO is superimposed over longterm solar activity and C0 2 -triggered climate 
trends, and so raises or lowers the temperature by a few tenths of a degree depending on whether or 
not the PDO is in its warm or cold phase. Other oceanic oscillations such as the Adantic Multidecadal 
Oscillation (AMO) and the North Atlantic Oscillation (NAO) contribute to this process. These well- 
established interrelationships certainly have to be valid for the future development of the earth’s 
climate. However, the IPCC also refused to integrate this crucial factor in its calculations and, in 
doing so, displayed an unwarranted confidence in every climate model, which have all since failed. It 
is truly remarkable that not a single IPCC model predicted the halt to warming we have seen over the 
last decade. In October 2011 the BEST study, conducted at the University of California, Berkeley, was 
able to show that global temperatures are influenced by natural oceanic cycles such as the AMO: 
‘Since 1975, the AMO has shown a gradual but steady rise from -0.35 C to +0.2 C, a change of 0.55 C. 
During this same time, the land-average temperature has increased about 0.8 C ... Some of the long- 
term change in the AMO could be driven by natural variability ... In that case the human component 
of global warming may be somewhat overestimated’ [1]. 

The IPCC climate experts tried to salvage what they could and rushed out the notion that increased 
cooling was due to sulphur emissions from coal burning in China. However, since 2005, China has 
equipped most of its coal-burning power plants with desulphurization systems. The same argument 
was also used to explain the cold phase of the 1970s. And because the last warming stage ended 10 
years ago, the same dubious explanation has once again been retrieved from the IPCC’s basement of 


climate tricks. Again it appears not to matter that these sulphur emissions occurred in the Northern 
Hemisphere and that the bulk of the cooling since 2000 has taken place in the Southern Hemisphere. 
By playing the sulphur joker (global dimming), the IPCC scientists once again have corrected their 
climate models downward as the need arose, and then claimed that their climate models represent the 
past and thus have the future well under control. 

In addition to sulphur, there is a host of other airborne particles and droplets (aerosols) in the 
atmosphere that affect the climate. However, no one knows what impact they really have. This leads us 
to conclude that the aerosol effect is fraught with uncertainty. The IPCC admits this and even rated 
scientific knowledge of the aerosol effect as 'moderate to little’. This means that aerosols are the 
largest uncertainty in the IPCC 2007 report. Some researchers were very eager to play this potent 
climate modelling wild card. Consequendy, the aerosol effect is scattered throughout the models, 
varying by a magnitude of ten, and hence it is readily employed whenever C0 2 and reality need to be 
reconciled. In the end it becomes child’s play to generate whatever value you wish to apply to C0 2 . 

Soot is another factor that has given climate scientists a severe headache. Soot particles absorb 
sunlight and radiate the warmth back into the atmosphere. These dark particles also reduce the 
reflectivity of snow and ice for sunlight, which leads to more warming. In the IPCC’s 2007 report, 
soot played practically no role as a climate driver. But the latest scientific results have significantly 
changed this. New findings show that soot should be assigned up to 55 per cent of the warming effect 
that C0 2 has, and this needs to be taken into account in climate models. But doing so would require 
C0 2 ’s warming effect to be scaled back. This of course must be avoided at all costs, so a simple 
bookkeeping trick is deployed. The IPCC scientists exploit the large climatic uncertainties associated 
with airborne particles and simply increase the cooling effect of other aerosols by the amount that 
soot is shown to contribute to warming. Hey presto! The offsetting works perfecdy: C0 2 ’s impact is 
undiminished. 

But there is good news: soot can be avoided relatively simply. And because it stays in the 
atmosphere for only a few days or at most weeks, one can rapidly get the suspected warming effect of 
soot under control. As soot emissions mainly originate from developing countries, technical support 
by developed countries within the framework of a worldwide UN anti-soot programme would be one 
of the most effective and financially sensible climate protection measures for limiting anthropogenic 
warming. 

The multi-purpose aerosol joker is only one example of the many subjective degrees of freedom 
that the IPCC practises and shows how parameters are chosen freely and then built into climate 
models, which can be adjusted to get the curves you want. These adjustment factors, though difficult 
to quantify, are nothing more than fudge factors that serve as guarantors for the alleged agreement 
between models and reality. Consequendy, the virtual climate world is beset with problems. For 
example, there are huge uncertainties when it comes to the interrelationship between clouds and water 
vapour, the interaction between oceans and the atmosphere, and the flow processes of the ice sheets. 
Also the cycle of trace gases like C0 2 , methane, nitrous oxide and ozone, which cannot be calculated, 
is inadequately known. Hence, this has to be estimated in models. The natural ocean cycles such as the 
PDO are largely ignored in simulations. The spatial resolution of the models is, as a rule, limited to a 
few hundred kilometres. All processes that take place within this level of resolution, such as cloud 
formation or precipitation, simply cannot be expressly formulated and because these processes 
cannot be computed individually, the model must be rounded out with guesstimates. 


An unexpected deja-vu: melting ice and stormy episodes 



If a large part of the warming is indeed due to natural causes, the consequences remain profound. 
With a temperature increase of about 1° C over the last 250 years, glaciers, ice caps and polar sea ice 
will begin to melt. The currendy observed and media-sensationalized melting of the ice is not 
unusual, but is to be expected. The Greenland and Antarctic ice sheets have certainly taken a hit over 
the last decade. However, recently it has been determined that ice loss has been dramatically 
overstated. New studies have shown that the melting is significantly less than what was assumed just a 
few years ago, and thus the situation on the earth’s large ice sheets is far less dramatic than what a few 
climate protagonists had alarmingly announced. Moreover, the central region of the east Antarctic ice 
refuses to take part in the ice-melt jamboree and is in fact slowly expanding. 

The melting of Arctic sea ice should come as no surprise. In principle it is simply just a repeat of 
the Medieval Warm Period of the ninth to the fourteenth centuries, which occurred during the last 
solar activity maximum as part of the 1000-year solar cycle. Back then so much Arctic sea ice melted 
that the Vikings were able to undertake expeditions to Iceland and Greenland in the ninth century 
before settling there. Later, around 1420, the Chinese too sailed into the Arctic with a fleet of 
exploration ships and found hardly any ice. 

Sea level development must be examined within the context of climate events over the last 250 
years because as ice melts, water flowing into the oceans naturally causes sea levels to rise. During 
the Lithe Ice Age, a few hundred years ago, most glaciers and ice sheets gained in mass due to the 
colder temperatures. Sea level rises during this natural cold period came to a standstill. As the Lithe 
Ice Age ended naturally, the glaciers and ice sheets melted and the sea level rise slowly accelerated 
unhl the start of the twentieth century, at which point the rate of rise more or less stabilized. 
Acceleration in the rate of rise cannot currendy be detected, as some scientists claim. 

The often heard claim that the frequency of storm activity has increased in recent years has to be 
viewed over the long term. It is becoming clear that global storm activity is strongly dependent on 
ocean cycles. Rises and falls in long-term storm activity in the Tropics and the middle lahtudes are 
synchronized in large part by natural climate cycles such as the PDO, AMO and NAO. The 
synchronicity between these oceanic cycles and storm frequency is well established. A periodic 
intensification of storm activity is therefore not unusual and, moreover, corresponds with the 
recurring pattern that is shown by historical reconstructions. Unfortunately, the IPCC has failed to 
address this phenomenon sufficiently. 

Time and again glaring errors have been found in IPCC reports over the past couple of years. Of 
course, errors are human and even the IPCC is expected to make some, especially when it involves the 
mammoth, data-intensive works that are the IPCC reports. But isn’t it odd that all these errors go in 
one direction only and serve to dramatize what is actually happening? The problems began with a 
forecast made in the second volume of the 2007 IPCC report, which claimed that 80 per cent of all 
Himalayan glaciers would have melted by 2035. It wasn’t until 2 years after the original publication 
that the IPCC was forced to recant. Another major lapse occurred on the subject of flood risks. The 
IPCC wrote that 55 per cent of the Netherlands was below sea level when in fact the figure is 26 per 
cent. Other gaffes include the IPCC forecast that the anchovies fishery off West Africa would shrink 
by 50 per cent, that 40 per cent of the Amazon rainforest was threatened by climate change and that 
agricultural yields in Africa would drop by as much as half. All were exaggerations. 

Strategy change in climate forecasting 

Our examination of the IPCC argument shows that the IPCC did not want to take fundamental 
relationships into account, and so climate models from the start never had a chance of depicting 
reality in all its complexity. The IPCC’s biggest error is its logic-defying assumption that natural 



climate fluctuations play hardly any role and that C0 2 and other anthropogenic greenhouse gases 
dominate climate events over the long term. 

That is how the IPCC epically misjudged the 1977-2000 warming phase. In believing that this 
temperature increase was almost exclusively due to C0 2 and other anthropogenic greenhouse gases, 
the warming trend of that 24-year period was hastily declared to be normal and was simplistically 
extended to the year 2100. Here the fact that the positive warming flank of the 60-year PDO cycles and 
other natural cycles, including solar activity, were at play in causing the pronounced warming after 
the cool dip of the 1970s completely escaped the IPCC. They failed to recognize that the rapid 
warming was a cyclical special case and that the actual long-term warming is considerably less. When 
the turning point of the PDO was reached in the year 2000, the story ended. The temperature rise came 
to a halt. 

We are by no means claiming that C0 2 has had no impact on today’s climate events. However, we 
are able to show that at least half of the warming of the last 30 years can be attributed to the sun and 
oceanic oscillations. C0 2 could be responsible for the other half of the warming, but its share may be 
even less than that. 

The era of simplistic IPCC climate prognoses is over. It would have been reasonable if the IPCC in 
the forthcoming 2013/14 report had abandoned its implausible linear upward projections and brought 
them in line with observed data. However, report drafts leaks in December 2012 reveal that this 
revision has not been made. It seems that the IPCC is sticking stubbornly to its original line. Better- 
quality prognoses would, however, have to incorporate refined temperature curves that depict the up- 
and-down trends that have their origins in overlapping natural cycles. Carbon dioxide and other 
climate gases are of course components of the climate equation. However, the alleged dominance of 
C0 2 will have to be relinquished and C0 2 be seen as an equal partner in a mix of climate-regulating 
factors that have all played an important role in climate events over millions of years. Man is 
influential and has changed the earth considerably over the course of time. However, we should not 
overrate ourselves and believe that we can turn off the natural forces and processes of the earth and 
solar system at a stroke. 

The cold sun 

The 11-year solar cycle minimum of 2005-10 was unusually weak. The current cycle which peaked in 
2012-13 is even weaker and is probably the weakest of the last century. A similar development at the 
start of the nineteenth century led to a dramatic fall in solar irradiation, and is anticipated to occur 
now. This means the sun will be set at low-burn mode for the decades ahead. In 2010 the intensity of 
the solar magnetic field dropped to one of its lowest levels in the last 150 years and accordingly 
cosmic rays reached their highest level since records began 50 years ago. The magnetic flux density 
has been decreasing steadily since 1998 and the large plasma flows on the sun have slowed down over 
the last year. Currendy we are in the middle of a very weak solar cycle 24. 

American, Russian and British scientists see clear signs that the ‘sun is shifting to a low-activity 
period ... the start of solar cycle 25 could be delayed, or not even take place at all. It may well be that 
this one [cycle 24] could be the last solar maximum we will see for a few decades’ (Frank Hill, 
National Solar Observatory) [2]. The course of the other longer periodic solar activity cycles 
indicates the same when projected into the future. There’s little doubt that the sun has put its warming 
plateau phase of the last decades behind it and has started on its frosty decline to a phase of low 
activity. 

Taking both the important natural and anthropogenic climate factors into account, we can expect a 
slight cooling of about 0.2-0.3 0 C by the year 2035. Only cooling can be expected from the sun over 


the coming decades. The Gleissberg 87-year and Suess/de Vries 210-year cycles will reach their low 
points between 2020 and 2040, and so in 2035 solar activity will reach a level that is comparable with 
the Dalton minimum, which occurred between 1790 and 1830, when mankind faced harsh and trying 
living conditions. Back then the temperature was nearly 1° C lower than it is today and this was at 
least half due to the weak sun. The PDO, which superimposes itself on the climate, will remain in its 
cool phase until 2035 and this too will certainly contribute to cooling. 

By the year 2035 the cooling that will have come about from the natural climate-regulating factors 
is expected to be about 0.4-0.6 0 C compared to today’s temperature. This cooling, however, will be 
offset in part by the anthropogenic greenhouse effect. Using the IPCC-A1B emissions scenario, the 
C0 2 concentration in the atmosphere will then be close to 450 ppm. Using a realistic C0 2 climate 
sensitivity range of 1-1.5° C per doubling of C0 2 , this corresponds to a positive temperature 
contribution of 02-0.3° C. This therefore will yield a net temperature reduction of 02-0.3° C. The 
dramatic drop in solar activity will thus deliver a cooling phase over the coming decades, one that 
C0 2 will not be able to offset in full. 

Based on the established solar cycles, we can conclude that the sun will again become more active 
in the second half of the twenty-first century and that the earth will warm again as a consequence. 
However, the sun may not reach the high levels of the 1980s and 1990s. This moderate intermediate 
phase will then come to a halt towards the end of the century when the sun reaches another point 
resembling the Dalton minimum. This solar lull may contribute to a cooling of about 0.3-04° C 
compared to today. The PDO presumably will move to a low or moderate level. 

By the year 2100, in accordance with the A1B emissions scenario, C0 2 atmospheric 
concentrations will approach 700 ppm. With a C0 2 climate sensitivity of 1-1.5° C per doubling of 
C0 2 , this will yield a Correlated warming contribution of 0.8-1.3® C compared to today. Thus the 
sun, PDO and C0 2 together will produce a net temperature increase of 0.6-1.0 0 C, depending on 
C0 2 ’s real climate sensitivity. This is very different from the IPCC’s projected temperature increase 
of 2.8° C for the same emissions scenario. Based on our assumptions, the so-called 2-degree target by 
2100 will, in any case, be easily met, and done so without a panicked and risky transformation of the 
industrial landscape over the next couple of decades. 

By no means does this imply that the strategy of decarbonizing our power generation should be 
abandoned. First, an additional warming of up to 1° C by the end of the century would lead to 
significant changes to our climate. Second, we cannot be certain how the sun and its natural impacts 
will act in the second half of the century. However, it is certain that the sun, and the impact it has on 
the earth, will bestow colder times over the first half of the century. This means we gain valuable 
decades in which to convert our energy supply without incurring massive prosperity losses. Because 
today’s climate politics determines the distribution of economic growth, it also determines future 
prosperity. Europe’s current policy of transferring hundreds of billions of euros to developing 
countries with the aim of avoiding increased C0 2 emissions can be attributed to a single hypothesis: 
that the current century will see a warming of 1.8-4° C due to rising C0 2 emissions. 

But if you conclude that the IPCC’s projections are unfounded and that only a maximum of 1° C of 
warming is to be feared, then the setting of priorities for an energy agenda changes profoundly. This 
in turn will release resources to assure an adequate supply of food and water, and a rising standard of 
living globally. Factors concerning economic feasibility or social justice then again will equitably 
decide energy policy, along with climate protection. By understanding that natural climate factors will 
continue to play an important role, we gain time for rational decarbonizing. This can be achieved by 
implementing new, renewable technologies, through higher energy efficiency and better material 



consumption, and by improving the generation of conventional fossil energy in a rational, cost- 
effective, truly sustainable way. 
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3. Our temperamental sun 


Why do we think the sun’s the culprit? Are there good reasons to suspect this? After all, the sun has 
never let us down before. Every morning it rises in the east and in the evening gracefully sets in the 
west, as reliably as a Swiss watch. It’s powerful, provides warmth and its rays outshine everything. 
These are the qualities that have earned our mother star a prominent, semi-divine position in a 
number of religions. So wouldn’t it make sense to think our seemingly infallible sun could have 
precocious moods when it really plays up, before shifting down a level or two and finally ceasing 
from all the activity? Has such solar volatility ever happened in the past? If so, when and for how 
long? Just how large were these fluctuations and what impact did our sun’s mood swings have on the 
earth’s climate? 

As far as the IPCC is concerned, the book is closed when it comes to the sun’s contribution. In its 
view there is little doubt that the sun has played only a minor role in climate change over the last 40 
years. In the IPCC’s Fourth Assessment Report of 2007 (AR4) the sun’s influence on our climate was 
halved with respect to their 2001 report. The IPCC’s message to the world’s citizens and politicians 
was that manmade C0 2 is by far the most important regulator in the current climate schema and the 
impact of natural processes on climate development will be minuscule by comparison in the coming 
decades. 

Because of the profound implications of this claim, and its critical importance to the world, we 
believe there is a pressing need to examine the facts. We have to ask ourselves whether AR4 really 
took into consideration all the scientific results from the sun-climate field available at the time. And 
in the years since the 4AR was published, have there been any developments that could change our 
views? 

In this chapter we show how the sun was in fact much more involved in twentieth-century warming 
than first assumed. Even more important is the fact that the sun is a repeat offender, as we shall 
demonstrate. One thing will become very clear during the analysis of the scientific evidence: the 
earth’s temperature has been rising and falling for thousands and millions of years in step with the 
sun. Just how probable is it that this time-honoured partnership abrupdy came to an end a century 
ago? 

How it all began 

To better understand the variability of today’s sun, we need to take a brief look at its birth and 
development. It was not born when the universe first began to form. Rather, our mother star took its 
time before it made its debut on the galactic stage. The Big Bang had occurred eight billion years 
before the first birth contractions commenced inside an interstellar cloud of hydrogen gas. A violent 
pressure wave, triggered by the explosion of a nearby supernova, swept through this cloud and 
caused the gas to compress so massively that hydrogen atoms started fusing into helium atoms at 
temperatures of several million degrees Celsius. This in turn triggered the atomic fusion motor for 
hundreds of new stars, among them our sun. Under the force of gravity, the freshly formed stars 
steadily compressed, which in turn further fuelled the fusion process. The new stellar power plants 
released enormous amounts of energy, emitted as light and heat. The increasing irradiative pressure 
countered the force of gravity until a point of equilibrium was reached, thus preventing further 
contraction. The stars and their illumination stabilized. 

As lighter hydrogen atoms continued their transformation into heavier helium atoms, the stars 



continuously compressed, thus further firing up the fusion reactor. It is therefore assumed that in the 
early phases of its first four and half billion years, our sun had only 70 per cent of today’s 
illuminative power and has since increased steadily until reaching today’s value. The sun currendy is 
about halfway through its life. Based on the development we have seen so far, it is projected that the 
sun’s irradiative power will continue to grow linearly at about 1 per cent every 110 million years into 
the future [1]. That means a brightness increase of 10 per cent over a period of one billion years. 
Eventually, the earth will become so hot that it will practically be uninhabitable [1-2]. At that point, the 
sun will still have another six billion years of life ahead of it before its hydrogen supply is exhausted. 
When that occurs the irradiative pressure will quickly begin to diminish and gravity will once again 
regain the upper hand and cause the sun to contract. In the final stage the sun will briefly expand 
multiple times into a giant red star, expelling its gas shell, which in turn will incinerate the inner 
planets. In the end only a white dwarf will remain - the melancholy terminal stage of the life of the 
relatively low-mass, unspectacular star that is our sun. 

The sun warms the earth 

Although by itself it is relatively meaningless in space, the sun is absolutely essential for life on our 
planet. And here a huge amount of luck comes into play. The earth is situated at an ideal distance from 
the sun. The inner planets (Mercury and Venus) are too hot for human life and the outer planets (Mars, 
Jupiter, Saturn, etc.) are too cold. Let us briefly conduct a small thought experiment. What would 
happen if the sun suddenly were to go on strike and stopped shining? 

First, we would expect to see the same effects as a normal sunset and a light night-time cooling 
would set in. There would still be huge amounts of heat stored in the oceans, land and atmosphere, but 
over a few days this would steadily dissipate and it would continuously get colder. The lakes and 
oceans would freeze over after just a few weeks. Because of the absence light, all plant life would die 
and thus the food chain would be interrupted. The earth would rapidly be transformed into an 
uninhabitable ball of ice. Luckily, from what we know today, an abrupt extinction of the sun is 
extremely improbable. 

The sun is undoubtedly the source of life on earth. Of the total energy contribution to the earth’s 
climate, 99.98 per cent originates from the sun. The nugatory remainder is supplied from the earth’s 
warmth, which originates pardy from the heat left over from the earth’s creation over four billion 
years ago and is pardy a product of the radioactive decay of the earth’s interior. Due to the sun’s 
paramount importance to the earth’s energy budget, it is highly plausible that fluctuations in solar 
irradiation will have an impact on the earth’s climate. The equilibrium on earth is based on the 
balance between irradiated solar energy and the share radiated back into space. Any alteration to this 
balance, for example changed solar irradiation, has the potential to bring about significant climate 
change [3]. 

The solar power plant 

Let’s take a closer look at the path sunlight takes from its place of production to its destination on 
earth. The sun, our power plant, is made up of 73.5 per cent hydrogen and 25 per cent helium. The 
remaining 1.5 per cent is heavy elements, foremost among them oxygen and carbon. The fusion zone 
is located in the sun’s core, which occupies the inner quarter of the sun’s radius. Here at 15 million 
degrees and under high pressure, hydrogen atoms fuse into helium atoms over several interim steps. 
Why is energy released here at all? The mass of each helium atom created during fusion is slightiy 
less than the sum of the mass of the original four hydrogen atoms needed to form it. The difference in 
mass is released in the form of energy. This energy is precisely equal to the mass difference times the 


square of the speed of light, according to Albert Einstein’s mass-energy equivalence equation, E = 

2 

me . 

The transport of this energy from the fusion zone to the outside takes place in the form of 
radiation. In the upper levels of the sun’s body, huge rolls of fire, so-called convection cells, take 
over the transport of energy. The energy emerges at the surface of the sun in the form of radiation 
and is emitted into space. The radiation first passes through the atmosphere of the sun, the corona, 
which is the halo one can see during a total eclipse of the sun. Once the outer areas of the sun have 
been traversed, the radiation enters the vast expanses of space. 

Composition of solar radiation 

What is the sun’s radiation made of? The solar core fusion reactor produces gamma rays which are 
converted into a broad range of electromagnetic waves extending from radio waves to visible light 
and beyond to x-rays. The radiation maximum occurs as visible light in the yellow to green colour 
spectrum, whereby the irradiative intensity on both sides of the maximum diminishes steadily to short 
and long wavelengths (Figure 3.1). Indeed, evolution on earth had to respect the composition of the 
sun’s spectrum. This is how the eyesight of man and many other animals developed, according to the 
spectral range of the irradiative maximum. 



Wave length (nm) 

Figure 3.1 The radiation spectrum of the sun at its interior (upper, smooth curve), after passing the radiation-filtering solar 
atmosphere (middle curve) and the earth’s atmosphere (lower ragged curve). Water vapour (H 2 0), ozone (0 3 ) and carbon 
dioxide (C0 2 ) in the earth’s atmosphere filter out certain wavelengths from solar radiation with precisely defined energy and 
thus are missing from the sun’s radiation spectrum at the earth’s surface. UV = ultraviolet radiation; IR= infrared [4], 

However, solar radiation’s bell-shaped distribution over the various wavelengths is not quite as 
perfect as one might assume. A number of interruptions occur and appear as dark lines in the 
spectrum - so-called Fraunhofer lines. These radiation dropouts occur when sunlight passes through 
the gas layer of the outer solar layer (chromosphere) and the earth’s atmosphere (Figure 3.1). 

The chemical elements of the filtering gases screen out certain wavelengths from the solar 
radiation with a precisely defined energy, and thus are missing from the sun’s radiation spectrum. 3 
The precise energy amounts vary among individual chemical elements and molecules. In the outer 
solar layers, predominantiy hydrogen, helium, iron, calcium, magnesium and sodium take a bite out 
of the radiation spectrum. In the earth’s atmosphere predominandy water vapour, C0 2 and ozone are 
at work. Ozone mainly absorbs over a broad range of wavelengths and protects the earth from much 
of the UV radiation, which is hazardous to life. 

In addition to electromagnetic radiation, the sun ejects solid matter from its outer core throughout 
its vicinity at the rate of approximately one million tons of mass a second. The high-energy particle 
stream jets at 400-900 km per second and consists mainly of protons, electrons and helium nuclei. 
Because the charged particles have different speeds, they also form wandering magnetic fields, which 



in turn can influence the path curves of other charged particles. In addition, the rolls of fire of the 
sun’s outer layer create powerful magnetic fields that can reach the interplanetary levels. 

Passage through space and arrival on earth 

The sun’s flux of electromagnetic energy travels through space at the speed of light. The 150 million 
km journey to earth takes a mere eight minutes. When we look at the sun (and that of course only with 
the necessary safety precautions) what we actually see is the past. 

The composition of solar radiation remains intact during its passage through material-free space. 
Only its strength diminishes little by little with growing distance from the sun because its energy is 
distributed over an ever-increasing area. When solar radiation enters the outer layers of the earth’s 
atmosphere, it embarks on a formidable obstacle course. An entire cast of characters stands ready to 
block solar radiation. 

The problems begin 300 km above the earth’s surface. The most energy-rich component of solar 
radiation, the hard UV radiation and x-rays, smash the electrons out of the upper atmosphere gas 
molecules and consequently weaken. This produces a huge quantity of ions and free electrons which 
characterize the ionosphere, which can reach a level down to 80 km above the earth’s surface (Figure 
3.2). The ionosphere makes up the basis for global shortwave communication. Radio waves sent from 
the earth’s surface are reflected multiple times by the electrically charged ionosphere. This is how 
radio waves can bounce back and forth between the earth’s surface and the ionosphere, and under 
good transmission conditions reach almost every part of the globe. 
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Figure 3.2 The structure of the earth’s atmosphere. 

At altitudes of 50-15 km, solar radiation takes another battering. Solar UV radiation within this 
zone splits the oxygen (02) molecules into two oxygen radicals (O), which then combine with other 
oxygen molecules to form ozone (03). The resulting ozone layer acts as the earth’s protective shield 
against UV rays, which are almost completely filtered out and converted into heat (Figure 3.2). The 
somewhat less dangerous UV-B radiation also weakens. 

Below 15 km infrared radiation is next in the firing line. In this atmospheric tier we find about 90 
per cent of earth’s entire air and practically all its water vapour. Water vapour, and to a lesser extent 
C02, has a great interest in certain infrared wavelength segments - they filter them out. The rest of 
the infrared radiation emitted by the sun can, however, pass through this atmospheric zone scot free. 

The range of visible light wavelengths is hardly affected by the chemical atmospheric layers it 
passes through. This spectral range, visible to the human eye, is largely spared the absorption effect 
of the earth’s atmosphere. However, not all visible light gets past the clouds. Twenty per cent of the 
sun’s total incoming radiation fails to penetrate the white plumes of water droplets and other airborne 
particles on its way to the surface of the earth, but is reflected back into space. Once each atmospheric 


layer has finished filtering out its part of the solar radiation spectrum and part of it is reflected back 
into space, only about half of the original solar radiation reaches the earth’s surface. 

Electromagnetic solar radiation thus takes a real battering during its eight-minute journey to earth. 
But what happens to the solid material particles that are sent towards earth? Do they encounter fewer 
problems on their journey? Quite the opposite, very few of these particles reach the earth’s surface. 
Almost all the electrically charged particles from solar winds and other cosmic sources are caught by 
the earth’s magnetic field thousands of kilometres up on their path to earth. 

In the Van- Allen radiation belt these particles are first forced to oscillate back and forth for some 
time between the earth’s magnetic poles. The only ways of breaking out of this magnetic prison are 
found at the magnetic poles where the magnetic field lines are perpendicular to the earth’s surface. If 
a particularly violent solar wind blows, the particles escaping from the earth’s magnetic prison put on 
quite a show in the polar regions - the Northern Lights and Southern Lights spectacle. 

During one particularly violent solar storm in March 1989, a huge amount of charged solar 
particles reaching the earth’s magnetic field not only put on a colourful polar light show, but were 
accompanied by a number of hostile effects [5-6]. The avalanche of particles pulsated in the earth’s 
magnetic field so violently that it changed rhythmically and induced gigantic electrical currents. The 
victims included power transmission lines, which greedily absorbed the energy like antennae. A 
massive electrical surge spread through the power grid at great speed. In Quebec a number of 
substations were unable to handle the loads and immediately failed. As a result the entire grid in the 
province was destabilized and crashed. The inhabitants of Canada’s second largest city, Montreal, 
were plunged into darkness. It took nine hours to restore power. 

This rare solar storm caused problems elsewhere too. Pipelines in the polar regions were 
damaged because the powerful, induced electrical current caused metal pipes to corrode. Satellites 
were thrown out of their orbits because the density and atmospheric friction were changed. The 
occupants of the space station Mir exceeded their safe annual dosage of radiation in a single hit. In 
California garage doors opened and closed during the storm, as if operated by a phantom. 

Sunspots 

Sunsets have fascinated man since the beginning of time. Just before the sun slips below the horizon, 
its brightness diminishes immensely. And if there happens to be a haze, then under the right 
conditions one can look at the sun briefly without being blinded. (Warning: Don’t try this! Under 
unfavourable conditions you risk burning your retinas and going blind.) 

Two thousand years ago Chinese astronomers took advantage of such conditions and were able to 
observe unusual dark spots on the surface of the sun. The western world stubbornly ignored this 
discovery because the ‘spotty sun’ did not fit its worldview of a perfect God in Heaven. This did not 
change until the start of the seventeenth century when the telescope was invented and the existence of 
sunspots could no longer be denied. Galileo Galilee was among the sunspot pioneers who at the time, 
in connection with other ‘errors’, became the subject of an inquisition. 

Sunspots can be observed using amateur equipment. To do this a telescope, or a (non-plastic) field 
glass mounted on a tripod, is aligned with the sun. The sun’s image is then projected onto a shaded 
screen positioned behind. (Warning: Never look through the ocular of the telescope or the viewfinder 
of the camera. There’s a real danger of being blinded!) 

Exactly what are sunspots and how are they generated? Sunspots are relatively cold and thus are 
areas that appear to be dark on the sun’s surface and emit less visible light than the rest of the surface 
(Eigure 3.3). 
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Figure 3.3 Sunspots on an active sun (left) compared with a spot-free, inactive sun (right) [7], 

These localized cool spots are caused by powerful magnetic fields that prevent convection and 
through which less energy reaches the sun’s surface at the centre of the sunspot. Close to the sunspots, 
however, are areas that are considerably hotter than the rest of the sun’s surface, the so-called solar 
faculae. Their energy more than compensates for the energy missing from the sunspots. Overall, 
more sunspots lead to an increase in the sun’s brightness. Counting the number of spots and 
estimating their size are simple ways of determining solar activity. This traditional method is still 
important, as it is fully independent of the effects of the earth’s atmosphere from solar radiation. 

Nowadays, sunspot measurement is supplemented by two modern processes. One is the 
measurement of the solar magnetic field strength, which we know increases as solar activity 
increases. The other process is measuring the solar irradiance strength at the top of the atmosphere 
direcdy with satellites. 4 This has been done since 1979. But here there are calibration problems with 
the instruments, thus making the analysis of long-term trends complicated [8-9]. 

The fickle sun: the discovery of the 11-year solar cycle 

It was an amateur astronomer who discovered the cyclical nature of sunspots. At the age of forty, 
Heinrich Schwabe of Dessau had had enough of his pharmacy and sold it in 1829 so that he could 
devote his time to his real passions: astronomy and botany. Why he began with the systematic 
observation of sunspots and tenaciously stuck to it is unknown. The project appeared anything but 
promising because experts of the previous decades were convinced that there was no regularity in the 
occurrence of sunspots [10]. 

Schwabe didn’t allow himself to be deterred and carried out his series of observations. After 17 
years he had gathered enough data to recognize an 11-year cycle. He continued his sunspot 
observations almost until his eightieth birthday, and so was able to document the precise course of 
several cycles. After initial scepticism, professional circles finally accepted the discovery without 
reservation and even admitted Schwabe as an external member of the Royal Astronomical Society in 
London. The 11-year sunspot cycle today is named the 'Schwabe cycle’ in honour of its discoverer. 

The Swiss astronomer Rudolf Wolf recognized the value of Schwabe’s discovery early on and 
developed a practical measurement index, the sunspot relative number, with which observations can 
be recorded quantitatively and independent of the recorder. This parameter is still in use today. Wolf 




also analysed the early records from Galileo’s time and thus was able to reconstruct the pattern of the 
cycles back to 1745. 

Today, many sunspot cycles later, we know much more (but still not enough) about the 11-year 
cycle. In the meantime we have been able to document the course of the Schwabe cycle using 
telescopes and satellites. During the peak of the 11-year cycle, the so-called solar maximum, the sun 
puts on a heavenly display of fireworks. Gigantic eruptions and solar storms rage. The surface of the 
sun is covered with sunspots, which now have reached their greatest abundance. Also ‘radio 
communication weather’ for global shortwave communication greatly depends on the 11-year cycle 
and is coupled with the changing electrical charge of the ionosphere. During the cycle’s maximum, a 
single watt of transmission power is enough to reach the opposite side of the earth. On the other hand, 
during the solar minimum, even the most powerful transmitters do little to help and the transmission 
signal diminishes after a few thousand kilometres. 

Today, in addition to the 11-year cycle, we know of other solar activity cycles, particularly the 22- 
year Hale cycle [11], the 87-year Gleissberg cycle [12-18] and the 210-year DeVries/Suess cycle 
[19-25]. All these cycles are superimposed over each other, at times amplifying and at times 
weakening the net effect. They form the basic repertoire of solar activity fluctuations (Figure 3.4). 

What could be causing cyclical flare-ups and quiet periods in solar output? The magnetic field of a 
quiet sun is about the same as that of a dipole. Every 11 years a reversal in field polarity takes place, 
which means that after 22 years the original alignment is reached once again [26]. The triggers for 
these magnetic changes are presumably oscillations in the solar dynamo. A relationship between the 
magnetic field change with the 11-year Schwabe and 22-year Hale sunspot cycles is obvious because 
of the period length similarity [27]. 


Cycle 

Average period (years) 

Fluctuation range (years) 

Schwabe 

11 

9-14 

Hale 

22 

18-26 

Gleissberg 

87 

60-120 

Suess/de Vries 

210 

180-220 

Eddy 

1000 

900-1100 

Hallstatt 

2300 

2200-2400 


Figure 3.4 Solar activity cycles. 

What fluctuates and by how much? 

Let’s take a look at how the amount of irradiation changes during the course of an 11-year cycle. Here 
we shall focus on which types of radiation carry the bulk of variability and which wavelength spectra 
are hardly influenced at all but remain more or less stable. 

Let’s go back to the upper edge of the earth’s atmosphere in order to exclude all atmospheric 
effects on solar irradiation. Satellite measurements over recent decades have shown that the 
difference between the maximum and minimum of an 11-year solar cycle is about 0.1 per cent at the 
top of the atmosphere if the entire spectrum of solar radiation is taken into consideration (Figure 3.5). 
That doesn’t sound like much. However, there is a big surprise in the UV part of the radiation 
spectrum, where variability during the 11-year cycle is more than ten times more pronounced than in 
the rest of the spectrum. The intensity of UV radiation fluctuates by a few percentage points [28-31] 
and in some wavelengths up to 70 per cent [32-33] (Figure 3.5). With radiation changes of these 
magnitudes, it is worth taking a closer look to see whether there are any impacts on the earth’s 
climate system. 



Let us recall briefly the processes that UV radiation initiates at altitudes of 15-50 km, that is to say 
within the ozone layer (Figure 3.2). An increase in UV radiation intensity here would certainly 
convert a greater number of oxygen molecules into ozone [34]. And a higher ozone concentration 
would in turn intercept more UV rays and convert their energy into heat, so that the ozone layer 
would heat up. 

Well, that’s the theory. Luckily since 2003 we have the NASA’s SORCE satellite which has 
recorded the flux of individual solar irradiation types coming towards the earth. Its Spectral 
Irradiance Monitor (SIM) measuring instrument took readings during the transition from solar 
maximum to minimum between 2004 and 2007. The amount of change in UV radiation turned out to 
be five times greater [30, 35-36] than had previously been considered possible [37]. NASA satellite 
measurements also showed that ozone concentration during the solar maximum was higher than 
during the subsequent minimum [35]. Furthermore, the temperature of the ozone layer during the 
maximum was almost 2° C higher than it was during the minimum [28, 30]. 

Clearly, the fluctuating UV radiation intensity of the 11-year solar cycle can cause significant 
atmospheric impacts at altitudes of 15-50 km. And if a process that connects the stratospheric 
fluctuations to the tropospheric climate events below the 15 km level exists, then there’s a possible 
solar amplification process that has not yet been taken into account by the IPCC climate models. 
There are numerous indications showing such solar amplification processes do exist (see Chapter 6). 

Amazing observations incidentally were also made in the overlying ionosphere during the last 
solar minimum (2007-9). When solar UV radiation plummeted, the ionosphere cooled significantly. 
First, the density and expansion of the ionosphere dropped considerably and reached its lowest value 
in the 43 years since observations were first made by satellite. The changes in density exceeded 
expectations based on conventional models by 30 per cent [44-48]. The solar cycle plays an important 
role here as well. 
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Figure 3.5 Cyclical changes in radiation and atmospheric parameters are in sync with the 11-year solar activity cycles. Sources: 
sunspots [38]; total solar irradiance (TSI) [39]; stratospheric ozone concentration [30]; UV at the top of the atmosphere [26]; 
solar magnetic field [40]; neutrons (cosmic radiation) [41]; total solar irradiance at the earth’s surface (South Pole) [42]; global 
surface temperature [43, 33], 

In summary: Above the earth’s atmosphere solar irradiance fluctuates during the 11-year solar 
cycle by 0.1 per cent when you take the entire spectrum into account, but by a few per cent in the UV 
range. 

Now let’s return to the earth’s surface and look at what fluctuation ranges arrive after solar 
radiation penetrates the earth’s atmosphere. As we have seen, solar radiation is obstructed in the 
atmosphere before it finally completes its journey to earth. During this transit the magnitudes of 
irradiation fluctuations can also change. 

Once again we are taken by surprise. The changes in total solar irradiance are ten times greater 
than those at the upper edge of the atmosphere. Over the course of an 11-year cycle the values 
fluctuate over a scale graduated in full percentage points [42, 49] (Figure 3.5). It seems that something 
is happening in the earth’s atmosphere that significandy amplifies the small decimal fluctuations of 
the solar power plant (see Weber in Chapter 6). 

But that’s not all. Yet another parameter changes over the course of the 11-year cycle, and that at an 
astonishing 10-15 per cent [50] (Figure 3.5). That parameter is the cosmic ray intensity, which 
fluctuates above the earth’s atmosphere 100 times more than the sun’s total irradiance. The term 
‘cosmic radiation’ is historical and does not characterize an electromagnetic radiation, but rather 
high-energy charged particles that strike the earth from outer space. Near the earth these particles 
consist of about 98 per cent atomic nuclei and about 2 per cent electrons, which for the most part were 


created during supernova star explosions far away from the solar system. 

So how can we have large changes in cosmic rays with only very small changes in solar 
irradiance? Solar activity not only affects the output of electromagnetic radiation, but also the 
strength of the sun’s magnetic field. They pulsate together, synchronously (Figure 3.5). The solar 
magnetic field forms a protective shield against the bombardment of cosmic particles streaming in 
from space. The stronger the sun’s magnetic field, the fewer cosmic rays that can reach the earth. It is 
apparent that this magnetic process generates far more intensive changes in the atmosphere than 
primary solar irradiation does. Solar radiation and cosmic radiation are analogous to two boats 
bobbing up and down on the sea. Both boats rock synchronously, yet the rocking of one boat does not 
the cause the other boat to rock. It is the waves that cause them both to rock. But if the boats are very 
different sizes, for example, a massive supertanker and a small raft, then the supertanker rocks far 
less than the small raft does. 

So why should we be interested in cosmic rays in the first place? There is an important reason. 
Cosmic rays are the most important suspect in the search for the sun’s ominous amplification 
mechanism as a climate driving factor. The IPCC fleetingly mentioned that a strong sun led to 
reduced cosmic ray intensity reaching the earth. However, they deemed it unnecessary to report on the 
significant 10-20 per cent fluctuation [51]. 

Today we know that the cosmic ray intensity over the last 150 years has declined considerably and 
has been increasing only since the beginning of the twenty-first century. If there had been feedback 
effects, for example, cosmic rays influencing cloud formation, then this would have had a marked 
effect on our climate. But none of this is of interest to the IPCC, for it would refute its claim that the 
current warming is almost exclusively due to an increase in greenhouse gas concentrations. (More on 
this in Chapter 6 and Svensmark in Chapter 5.) 

Documented climatic impacts of the solar base cycles 

Now we are compelled to ask whether we can find an imprint of the Schwabe cycles in the historical 
temperature data sets or other climate parameters. The answer is yes. Henrik Svensmark and Eigil 
Friis-Christensen were able to show that the temperature development of the lower atmosphere and 
the oceans over the last 50 years correlated well with the 11-year solar activity (Figure 3.5) [52]. 
Other teams came up with similar results [43, 53-55]. 

However, in order to obtain the solar signal, the scientists first had to filter out other climate 
effects such as El Nino warm-ups, the cooling of ash and sulphur from large volcanic eruptions, and 
ocean-internal cycles such as the PDO. Temperatures are fundamentally generated by an entire series 
of climate variables and so it is always necessary to apply the filtering process in order to isolate the 
specific signals of individual climate factors. What is more, not all regions react to solar irradiation 
changes in the same way [48, 56]. Analyses show that the 11-year solar cycle has particular climatic 
impacts at the middle latitudes and in the Tropics [57]. 

We also find an impressive imprint of the Schwabe cycle at an unexpected location, namely the 
second largest freshwater body on earth, Lake Victoria. Over much of the twentieth century, its level 
fluctuated in line with the 11-year solar cycles [58-60] (Figure 3.6). Evidently the sun has an impact 
on precipitation over the drainage basin of this East African lake. But rainfall elsewhere follows the 
behaviour of the sun. Indeed, we find an 11-year rhythm in the water feed-in for the Mississippi [61], 
precipitation amounts in the northwest of the United States [62] and in the Tropics [63-64]. Even tree 
growth in Scotland [65] and other parts of Europe [66] are aligned with the Schwabe cycles. 

Other solar cycles have left a permanent imprint in the climate archives [58]. For example, the 22- 
year Hale cycle influenced the temperature development and the tree-ring growth pattern at different 


locations [66-70]. The cycle is found, for example, in temperature curves in England [71], Nebraska 
[72] and global data sets [73], and can be shown in tree-ring records along the Russian Arctic coast 
[74]. Precipitation amounts also appear to be connected to the Hale cycle, which was also recendy 
discovered in Brazilian rain archives [75-76] and in the discharge rates of the River Po in Italy [77]. 
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Figure 3.6 The level of Lake Victoria in East Africa fluctuated during 1896-1928 and 1968-2005 in line with the 11-year solar 
cycles. In the interim phase, the linkage was interrupted [58-60], 

The 87-year Gleissberg cycle influences the development of sea surface temperatures [67, 78-79, 
80] and also plays a role in oceanographic changes in the north Atlantic [81-82] and the Iberian 
Adantic coast [83]. And temperatures in central England [84] and China [85-86] appear unable to 
ignore the Gleissberg cycle. 

The 210-year Suess/De Vries cycle shows up in moisture fluctuations on the Tibetan plateau and 
elsewhere in China over the last millennia [87-88] and has an influence on tree growth on the Tibetan 
plateau, in Tien Shan [89] and other parts of the world [90], plays a role in the drought cycles over the 
American Great Plains [91] and the Mexican Yucatan peninsula [92], controls the deposits of lake 
sediment in East Africa [93], regulates the glacier lengths in Alaska [94] and is seen in the dust 
concentration curves in one Greenland ice core [50] and two Antarctic [95] ice cores. 

In addition to the solar-driven basic cycles, independent oscillations come into play in the climate 
system and have an impact on the climate. Such internal oscillations with periods of decadal scales are 
found, for example, in the thermohaline circulation of the oceans [96] and the coupled atmosphere- 
ocean systems [97] (see Chapter 7). Solar cycles and natural earthly oscillations must be clearly 
distinguished. Both naturally [98-99], so if one study shows that a particular internal cycle of the 
climate system had nothing to do with the sun, then it certainly does not cast doubt on the existence of 
solar-driven cycles. Just because one happens to be standing in front of a pear tree, one does not 
conclude that apple trees don’t exist. Identifying the physical nature (solar, lunar, astronomical or 
internal) of all observed cycles and natural variations of the climate system and their relative 
magnitude is fundamental to properly interpreting climate change. 

We have seen that the 11-year cycle and the other natural oscillations are firmly etched everywhere 
in the climate archives and have left an indelible mark on the earth’s climate development. Moreover, 
if we differentiate among processes, we see that solar activity variations are larger and more 
powerful than previously thought. This includes measuring different radiation wavelengths, 
distinguishing among the various measurement locations above, within and below the atmosphere, 
and separating the effects of electromagnetic radiation and cosmic high-energy particle streams. 

When an effort is made to establish a clear and fundamental link between the sun and climate, a 
picture emerges that is completely different from that which certain organizations stubbornly cling to. 
Simple statements like The intensity of solar irradiation within the 11-year solar cycle fluctuates a 
mere 0.1 per cent and thus is too weak to have any significant impact on the climate’ appear in a 
completely different light and raise the question of just how much we should trust such analyses, let 


alone the conclusions drawn from them [100]. 


Millennium cycles: underestimated climate drivers? 

The solar 11-year cycle and the related Hale, Gleissberg and Suess/de Vries cycles are, however, only 
the tip of the iceberg. As we shall see, long-term climate development was mainly affected by cycles 
with a thousand-year timescale, and the course of these cycles correlates surprisingly well with solar 
activity. The degree of change that these long cycles bring with them is far more pronounced than the 
shorter cycles just discussed. 

Abetter understanding of long solar activity cycles is a prerequisite for answering the question of 
just how much the sun’s contribution is to the temperature increases we have seen since the industrial 
era began in around 1850. This is not about fundamentally refuting C0 2 as a climate gas, but about 
improving the quantitative estimate of the climate impact of individual control factors. The main 
objective here is to ascertain if there are signs that the assumed C0 2 climate sensitivity of the IPCC 
could be inflated. In simple terms: We have 0.8° C of warming that has to be distributed over a 
number of climate factors. If the sun is shown to be more important, then C02’s importance has to be 
reduced. 

There are no systematically recorded observations of sunspots available for the period before the 
seventeenth century. The reconstruction of solar activity for this earlier period is done using so- 
called cosmogenic nuclides ( 14 C, 10 Be, 36 C1), which are generated by cosmic rays [101]. The stronger 
the cosmic rays, the higher are the concentrations of the cosmogenic nuclides, which means the sun 
was less active because the solar magnetic field shielded the earth from the galactic particle showers. 

On numerous occasions, when analysing data sets of the historical development of solar activity, 
scientists have detected a characteristic fluctuation lasting about 2300 years [19, 21, 102-105]: the 
Hallstatt cycle. Its cause is unknown. Some hypothesize that the cause is the recurring position of the 
large planets (Jupiter, Saturn, Uranus and Neptune), which acts to shift the sun by twice its diameter at 
regular intervals [106]. This could have an impact on the effectiveness of the solar power plant. The 
last minimum of the Hallstatt cycle occurred between 1300 and 1800, the period known as the Little 
Ice Age (LIA) (Figure 3.7). If one projects the Hallstatt cycle into the future, then we can expect the 
next Hallstatt solar irradiation minimum to occur in about 1500 years’ time [105]. Also, the solar 88- 
year Gleissberg cycle and the 208-year Suess/de Vries cycle are assumed to be related to planetary 
gravity effects [107]. 
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Figure 3.7 Lonq-term synchronicity of solar activity and temperature development (extra-tropical Northern Hemisphere) over 
the last 2000 years. 

A closer look at the Hallstatt cycle in the natural solar archives shows a double peak about 1000 
years apart [105]. Therefore, the Hallstatt cycle can be divided once again into two single oscillations, 
each about 1000 years long [110]. The ‘semi-Hallstatt cycle’ was recendy dubbed the 'Eddy cycle’ 


[101] in honour of the American astronomer John Eddy, who passed away in 2009 and who made an 
outstanding contribution to research on the weak sun during the Little Ice Age. The 1000-year Eddy 
cycle will reach its next minimum in about 500 years, which is why we currently find ourselves on a 
plateau area of a solar irradiation high point (Figure 3.7). We now see that the Eddy cycle had a great 
impact on the post-ice age climate development of the earth during the last 10,000 years and was the 
principal player in the global warming of the last 150 years. 

What impact has the sun had on the climate over the last 1000 years? The Medieval Warm 
Period, the Little Ice Age and the Modern Warm Period 

Reconstructions of solar activity show that the sun had a similar maximum about 1000 years ago, just 
as we saw over the last decades of the twentieth century [28, 111, 64-112]. This corresponds precisely 
with the 1000-year Eddy cycle. And between these two solar irradiation peak phases, the sun took it 
easy for several hundred years and was significantly less active [108, 113-116] (Figure 3.7). During 
this low activity phase, a 3579-day dry spell occurred as the sun went spot-free from 15 October 1661 
to 2 August 1671. 

To test the solar influence we compared solar activity history during this period to climate 
development. The result is striking. The temperature reconstruction curve runs almost completely 
parallel to the solar activity curve [109, 117-118] (Figure 3.7). The irradiation maximum about 1000 
years ago occurred at the same time as the Medieval Warm Period, a time when higher temperatures 
made it possible to cultivate vineyards in southern Scotland and wheat as far north as Trondheim. 
Arctic sea ice melted so much that the Vikings were able to make expeditions to Iceland and 
Greenland in the ninth century before settling there. The glaciers in the Alps, North America and 
other regions retreated immensely [119]. 

Then, in the fifteenth century, the climate began to change. Arctic sea ice once again reclaimed the 
vast expanses of the Arctic, crops that Arctic setders had planted failed and supply ships from the 
Scandinavian motherland were encased in ice. Because of the cooling climate, the settlers were forced 
to abandon their villages in Greenland. This cold phase went down in history as the Little Ice Age. It 
became bitterly cold on the European continent and there were extensive crop failures. Hunger, 
poverty and disease became rampant. The Thames froze over repeatedly. The Caspian Sea rose due to 
frequent rainfalls over the Caspian basin [120]. 

The Little Ice Age and the associated pronounced irradiation minimum in the middle of the last 
millennium corresponded to the low point of the Hallstatt cycle. This minimum also marks a low 
point in the Eddy cycle. A series of prominent low irradiation intervals developed during the Little Ice 
Age, including the Dalton (1790-1820), Maunder (1650-1719) [121-124], Sporer (1450-1550) and 
Wolf (1280-1350) minima (Figure 3.7). Recendy, an American- Swedish team was able to demonstrate 
the very close relationship between climate development and solar activity. Using sediment cores off 
the Norwegian coast, they were able to substantiate each of these minima and found temperature 
fluctuations of 1-2° C within each cycle [125]. The agreement between the climate fluctuation curve 
and the solar activity curve is amazingly good. The relationship of the cold phases of the Little Ice 
Age with the solar slumber has in the meantime been confirmed by climate model simulations [126] 
and in principle is even recognized by the IPCC. 

Finally, around the year 1800, the frosty period of the Little Ice Age ended; the cold point had been 
overcome. Temperatures began to rise and glaciers in the Alps started to recede once again [119]. 
Warming proceeded steadily as the sun and its radiation output steadily ramped up [127]. This 
increase in solar activity might have been far greater than what the IPCC previously assumed. Recent 
findings from Swiss researchers indicate that irradiation has increased since the Little Ice Age until 


today. They arrived at a value six times higher than the value the IPCC uses [39, 128]. These scientists 
also looked at the spectral range of UV radiation, which, as we described earlier, has a very high 
potential for significandy impacting the climate. For certain UV ranges, the Swiss team found 
increases of up to 26 per cent since the Little Ice Age, once again far higher than what the IPCC had 
earlier assumed. 

The enormous increase in irradiation occurred between the exceptionally inactive phase of the 
Maunder minimum [33, 129-130] and the late twentieth century, which had remarkably high 
irradiation values (Figure 3.8). A similarly high level of solar activity of the kind we have witnessed 
over the past decades occurred very rarely over the last 11,000 years [111, 131-132]. Solar magnetic 
field strength increased enormously, parallel to the increase in solar irradiation over the last 100 
years, having more than doubled [133-134] (Figure 3.8). The solar magnetic field protects the earth 
from cosmic rays because it forms a protective shield around it. As a result cosmic rays have 
decreased 9 per cent over 150 years up to 2000, when cosmic ray levels started to increase once again 
[135]. 
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Figure 3.8 Synchronicity of solar activity, temperature, sea level and Arctic Sea ice cover during the last 400 years. Sources: 
sunspots [136]; total solar irradiance [39]; visible light [39]; UV [39]; solar magnetic field, [134]; C0 2 [51]; temperature (extra- 
tropical Northern Hemisphere) [109]; sea level [137]; Arctic sea ice cover [138], 

The end of the Little Ice Age also represents the start of modern climate warming - the return 
from a natural cold phase, over a mean temperature and on the way to an expected warm phase, 
similar to the one the earth went through 1000 years ago during the Medieval Warm Period. The 
general warming trend of the twentieth century is without a doubt part of a natural cycle, one that has 
run through its complete course once over the last 1000 years and is still in play. The climate 


warming of the past 150 years is thus no one-time, unique anomaly. The only task that is left is to 
determine the extent that manmade C0 2 emissions have really contributed to the temperature increase. 
How would the warming appear without the anthropogenic effect? Today’s global surface 
temperature increase is at least 1° C with respect to the cyclic low point of the Little Ice Age. Taking a 
neutral reference line, the zero point of the natural cycle, then the increase up to today is an easily 
bearable 0.4° C. How much of this very modest warming is due to mankind and how much to natural 
causes? That is the key question. 

The positive relationship between solar activity and temperature during the last 1000 years shows 
that solar activity has a significant impact on the earth’s climate for this period [139-141]. Even the 
Antarctic winds blow in sync with the variable sun [142]. Swiss lakes fill up and empty out to the same 
rhythm [143], as does the Indian monsoon [144]. Also the discharge rate of South America’s second 
largest river, the Parana, has varied in accordance with solar activity over the last 100 years 
[145-146] (Figure 3.9) because during times of increased solar activity, increased precipitation 
occurs in the vast area of the Parana basin. 

So what is the likelihood that the sun and climate would suddenly have little to do with each other 
in recent decades, as the IPCC vehemendy postulates? Could there be a reason why the IPCC 
massively plays down the sun as a climate factor? Yes indeed there could: the less important the sun 
can be made to appear and the more benign earlier temperature fluctuations can be made to look, the 
more prominent the twentieth century’s warming becomes and the more it is able to steal the 
limelight. And if you assign the recent warming almost exclusively to the C0 2 effect, as the IPCC 
does, then the political message gains a lot more traction. The political aim that emerges - a 
transformation of the energy supply system, particularly in the OECD countries - as a consequence 
gains higher acceptance among the public (see Chapter 9). 



Figure 3.9 The discharge of the Parana over the course of the last 100 years is in sync with solar activity [146], 

The solar constant 

When it comes to the irradiative power of the sun, the misleading term 'solar constant’ was gladly 
employed in the past, and is even used at times today. The solar constant describes the theoretical 
average strength with which the sun irradiates the earth. As the word ‘constant’ implies, there is only 
one universal value for the solar constant. The magnitude was defined by the World Meteorological 
Organization in Geneva in 1982 and is set at 1367 watts per square metre. That is how much energy 
the sun would shine vertically on a square metre of the earth if no atmosphere existed. In fact, due to 
the filtering effects of the atmosphere, only 700 W/m 2 at sea level and about 1000 W/m 2 in mountains 
where the air is thinner are able to penetrate to the earth’s surface. Also built into the value of the 
solar constant are a few long-term mean values, such as the changing distance between the sun and the 



earth, and the 11-year solar cycle of activity. As we have seen, the irradiative strength of the sun in the 
past has been anything but stable over the millennia. The solar constant is thus much more of a ‘solar 
variable’. The obsolete term solar constant has to be employed with extreme caution. 

What impact has the sun had on the climate over the last 10,000 years? Postglacial millennial 
cycles 

Now we should attempt to follow the Hallstatt and Eddy millennium cycles further into the past. The 
last 1000 years are just enough to cover a single Eddy cycle. We now extend the period of interest 
back 10,000 years in order to see if the solar 1000 and 2300-year cycles of activity are connected to 
climatic development. Can the 1000-year climate cycle consisting of the Modern Warm Period 
(today), Little Ice Age and Medieval Warm Period be found further back in the past or was it just a 
flash in the pan? Without a doubt showing that a long-term sun-climate millennium cyclic exists 
would further strengthen the importance of natural factors in climate warming over the last 150 years. 

At the end of the 1990s a research team led by Gerard Bond examined the postglacial seabed 
layers of the north Adantic. In the seabed deposits of the last 10,000 years, the team was looking for 
clues about the region’s climate history. When examining the sediment cores, they found unusual 
layers of debris deposits which were repeated at regular intervals [114]. The only means of transport 
for this kind of coarse material to this particular oceanic site was floating icebergs, which unloaded 
their freight as they slowly melted, thereby spreading their cargo over the ocean floor. Working with 
the diligence of detectives, the team reconstructed what had happened. Apparently, the north Atlantic 
system of currents took unplanned tours at regular intervals and carried cool, ice-driving surface 
water masses from the Arctic to southern regions as far down as the latitudes of Great Britain. Bond’s 
team also reconstructed the intervals between these climatic special events. The result should appear 
familiar to us: the cycle length corresponded to the 1000-2300-year millennial cycles. 

But Bond’s team went a step further. To shed more light on natural climate cycles, they compared 
the pattern of the debris deposits to solar activity over the same period. The climate and sun dynamic 
fit together like a hand in a glove (Figure 3.10)! They found a very good correlation between the ice- 
rafted debris layers (a climatic cooling indicator) and the cosmic rays (measured from the 10 Be and 
14 C concentrations). The intensity of the cosmic rays is modulated by solar activity, as discussed 
earlier. In a nutshell, cold phases occurred predominandy during times of weak solar activity. If one 
takes a closer look at the documented cyclicality, one suspects that the result consists of the 2300-year 
Hallstatt cycles, whereby additional 1000-year Eddy cycles are at times glaringly, but at times only 
weakly, visible [147]. A synthetic mean value over all the cycles produces a period of about 1500 
years [114]. (This is a theoretical cycle length that as such does not exist, but rather only illustrates a 
composite of both real cycle types.) 

Bond continued his work until shordy before his death in 2005, and was co-author of a study about 
the climatic millennial cycles of the last interglacial in southern Germany [148]. Two years earlier he 
had co-authored a study on Alaska, where scientists had researched abundance changes of diatoms in 
postglacial sea deposits [115]. This study provided solid confirmation of the north Atlantic results. It 
is as if a metronome had set the beat, with phases changing periodically from vigorous to subdued 
diatom growth during the sea’s history and with a cycle length of 1000 years (Figure 3.11). These 
climate cycles run parallel to the millennium cycles and solar activity. 

About 6000 km further south, off the western coast of Mexico, yet another research team took 
sediment cores which also contained a postglacial climate archive [149]. Using the magnesium 
content of the shells of calcareous protozoa, the scientists were able to reconstruct a temperature 
curve for the region. The 1000-year cycle was once again found to be at work. 
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Figure 3.10 Solar activity (the upper three curves) and climate (the other curves) pulsated in concert according to the millennial 
beat during the entire 10,000-year postglacial period. Characteristic cold intervals (grey) occurred simultaneously over many 
different parts of the planet during phases of weak solar activity. Numbering of the cold phases according to Bond and 
colleagues [114]. Sources: Solar magnetic field [105]; 10 Be and 14 C as an indicator of solar activity [114]; iceberg sediment 
deposits north Atlantic [114]; Greenland GISP ice core [150]; Alaska sea sediment deposit [115]; China Hani peat [86]; Oman 
stalagmite zone [151]; Indian monsoon [1]; West Virginia stalagmite [153]; China Hongyuan peat [154], In some regions the link 
between the sun and climate was interrupted. To provide a better overview, the peaks of these phases are unmarked. 

The temperatures fluctuated reliably according to the millennium beat, in harmony with solar 
activity. 5 A similar picture is found in New Mexico. Here, during times of reduced solar activity, 
precipitation declined [155]. 
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Figure 3.11 Studies of dripstones in Oman for the period 7500-4500 BC show a high degree of synchronicity between solar 
activity and temperature development. Source: modified from [156], 

Another good example of solar-driven climate cycles on a millennium scale from the north 
Adantic comes from the sea off the coast of Newfoundland. Using protozoan organisms, two 
American researchers reconstructed the temperature development of the last 4000 years [157]. Here 
they found temperature fluctuations on a 1000-year scale. The cold phases occurred simultaneously 


with the deposit of the ice-rafted debris layers found by Bond [114]. In addition, characteristic glacier 
advances took place in the surrounding Arctic regions. In other areas of North and South America, as 
well as in Scandinavia, Iceland, Greenland and the Mediterranean, characteristic climatic millennium 
cycles were discovered in the postglacial period [153, 158-159, 160-168]. 

Now let’s jump across the Adantic to the Mauritanian coast in subtropical West Africa. Here a 
group of researchers extracted a sediment core from the upper seabed layers which also covered the 
postglacial period [169]. From the composition of the protozoa, they were able to reconstruct the 
temperature development of the past 10,000 years. It showed that the climate curve is shaped by 
characteristic temperature fluctuations with amplitudes of several degrees Celsius, which are repeated 
every 1000-2000 years. The chronology is very similar to the climate cycles that Bond found in the 
north Atlantic and occurred parallel to the changes in solar activity. Particularly interesting in the 
Mauritanian core is the era of the Little Ice Age. Here the scientists were able to find evidence of two 
distinct cold events with a cooling of 3-4° C. The preceding Medieval Warm Period revealed 
temperatures for the West African region that were slighdy above today’s values [169]. Avery similar 
millennial cycle with a distinct temperature curve and good time agreement was also found in an 
Adantic sediment core off the northwest coast of Spain [170]. And the climate events in the Alps over 
the last 7000 years are oriented about the solar millennium rhythms and oscillate in sync with the 
2300-year Hallstatt and 1000-year Eddy cycles [171-172]. 

Further east we find a similar picture, and in Oman the postglacial temperatures pulsated 
according to the distinct 1000-year cycle [156] (Figure 3.11). Scientists from Heidelberg studied 
stalagmites from which they extracted the temperature signal for the period of 6000-9000 years 
before the present. It should come as no surprise that here again a very good correlation between 
temperature and solar activity was identified. 

A research group of the Ocean Drilling Programme (ODP) arrived at a similar result after 
examining a core that had been extracted off the coast of Oman [152] (Figure 3.11). Based on the 
abundance patterns of a calcareous foraminifera species, they were able to reconstruct fluctuations in 
the strength of the summer monsoons for the postglacial phase. As is the case in all the other 
examples, the curve is characterized by strong millennium cycles of 1000-2000 years. 

If we continue our journey a few thousand kilometres to the east, we find the same picture. In a 
south China cave scientists studied a stalagmite that documents the climate’s history over the last 9000 
years. The temperature curve is characterized by a series of extraordinarily warm periods during 
which the Asian monsoon was especially strong [173]. The warm phases occurred about every 1200 
years and also coincide with times of increased solar activity. They also correlate well with the 
sediment deposit layers from the north Atlantic that Bond found. In China [85, 154, 174], Taiwan [175] 
and Korea [176] a temperature cyclicality predominated over the last 6000 years, which for the most 
part proceeded in step with solar activity. 

Climate cycles with millennial scale periods of 1000-2300 years are well established for the entire 
postglacial period of the last 12,000 years. The examples studied originate from various oceans and 
several continents. The cycle is found in the upper, middle and lower latitudes and encompasses the 
different climate zones, from the Arctic to the Tropics. The temperature fluctuations at times are 
several degrees Celsius, and thus have a similar or even greater range than the more than 1° C of 
warming that we have experienced since the Little Ice Age. The parallel between millennial climate 
cycles and solar activity is a primary feature of this variability [177]. The sun’s control of the cycles 
is thus highly probable, particularly because the opposite influence, when solar activity is driven by 
climate cycles, can be excluded. The cycle length depends on the long solar basic cycles, namely the 
2300-year Hallstatt cycle and the 1000-year Eddy cycle. One also has to consider that determining the 
mean over multiple millennium cycles can result statistically in cycle lengths that are between 2300 


and 1000 years, as some Eddy cycles may be too weak to be discernible, and after taking the error 
margin of the analytical methods and potential climatic disturbance processes into account [178]. 

The comprehensive collection of case studies we have presented strongly shows that the 1000-year 
climate cycle that comprises the Medieval Warm Period-Little Ice Age-Modern Warm Period is the 
continuation of a natural, solar-driven millennial cycle that characterized the postglacial climate 
development at many locations on earth. Thus suspicions are hardening that only a limited amount of 
the 0.8° C or so of warming since the end of the Little Ice Age can be attributed to C0 2 . Consequently, 
in its reports the IPCC appears to have grossly overstated C0 2 ’s climate impact and severely 
neglected natural factors. If C0 2 is truly such a potent climate driver, and if the sun is a far more 
powerful climate driver than previously assumed, then the current warming since the Litde Ice Age 
should have been far greater. Shouldn’t we be concerned that the IPCC climate models are unable to 
reconstruct the solar-synchronous millennial scale climate cycles of the past 10,000 years [179-181]? 
Yet they claim to be capable of projecting our future climate. 

What impact has the sun had on climate over the last 150,000 years? Millennium cycles during 
the last Ice Age and the last interglacial 

Let’s now go even further back into the past to the last ice age, which began 115,000 years ago and 
ended 10,000 years ago. That ice age is part of an entire series of ice ages, each lasting approximately 
100,000 years, interrupted by shorter warm periods, called interglacials (Ligure 3.12). The current 
postglacial is the latest interglacial and it too will eventually come to an end and enter a new 100,000- 
year long ice age - maybe in a few thousand years’ time. The trigger for these changes between ice 
ages and interglacial periods has to do with the cyclically changing orbital parameters of the earth, 
which lead to variable conditions for incoming sunlight, so-called insolation (more on this below). 

What do we know about the climate fluctuations during this period? What role did the primary 
solar activity cycles play? hirst and foremost, we need to recognize that the initial situation was not 
quite as simple as the sedate postglacial time, our current Holocene. The last ice age was 
characterized by much more powerful climate dynamics. Unstable conditions predominated with, at 
times, extremely rapid changes in average annual temperatures of up to 10° C within just a few 
decades [183]. Therefore, it would be little wonder if other processes had taken charge of climate 
events and had the ability to push the few degrees Celsius solar Hallstatt and Eddy cycles into the 
background. 
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Figure 3.12 Cyclical changes in the earth’s orbital parameters (Milankovitch cycles) are thought to have triggered the 
successive ice ages (EZ) and interglacial periods (WZ) over the last 500,000 years [182], 

Ice cores extracted from the Greenland ice sheets provide an important window into the climate 
archives of the last ice age. By examining the oxygen isotopes in the ice, it is possible to produce an 
accurate temperature reconstruction. In one of these ice cores, the period of 20,000-60,000 years is 


contained. Once again one finds the millennial cycles. But are they really the same cycles found in the 
post-ice age Holocene? 

The millennium cycles of the last ice age follow a rather unusual progression. The warming phase 
is very abrupt. Within just a few decades the average annual temperature in the Arctic rises 6-10° C 
[183]. However, the subsequent cooling phase lasts many centuries until the cycle starts up again. This 
saw tooth pattern is the distinguishing feature of these fluctuations, the so-called Dansgaard-Oeschger 
cycles (named after the Danish and Swiss scientists who discovered them) [184]. Some of the cycles 
are stronger, while others are weaker. These single cycles in turn group together to form bundles 
with cycles having a uniform longer-term trend [185]. 

During Dansgaard-Oeschger cycles with exceptionally low temperatures and strong subsequent 
warming, massive numbers of icebergs broke off the North American ice sheets and made their way 
across the ocean [186]. The sediment material rained down from the melting icebergs and spread 
across large areas of the north Adantic to form layers on the seabed. These so-called Heinrich layers 
can be up to 0.5 metre thick and contain deposits that had been scraped off the ground in North 
America by ice age glaciers before being carried out to sea [187-193]. Interestingly, during the 
Dansgard-Oeschger cyclic, the temperatures of the Antarctic appear to have mirrored those in 
Greenland [185], which underscores the complexity of the ice age climate system. 

The Dansgaard-Oeschger climate cycles last approximately 1500 years [194]. In this case it is not 
only a statistical mean of various individual periods, but a natural climate cycle length that varies 
only slighdy [150]. We can guess the next step. We have to compare the climate cycles with the solar 
activity curve in order to ascertain if the processes are related. The reconstruction of solar irradiative 
strength is done via cosmic rays, particularly through the lOBe concentration, and that using the same 
ice cores from which the temperature signal had been extracted. The reconstruction of solar activity 
during the ice age is not trivial as the lOBe concentration is affected by the powerful ice age climate 
variations; therefore, this effect has to be deduced in order to reach a value for solar irradiance 
strength. 

An American and a Swiss took on this task in 2006 by examining the relationship between the 
climatic Dansgaard-Oeschger cycles and solar activity [195]. Their result is sobering. They could 
find no stable relationship between these two processes. But this is not surprising, as we have 
determined that no independent 1500-year solar cycle exists [194]. As we have seen, the solar Hallstatt 
and Eddy basic oscillations are known to be 2300 years and 1000 years long, respectively. Why 
should they deviate from this during the ice age? We do not gain much enlightenment from the 
millennium cycles of the last ice age. Scientists are still puzzled over what might be the exact driver 
behind these abrupt climate changes in connection with the Dansgaard-Oeschger cyclic. 

However, we cannot rule out that the sun had a hand in the ice age Dansgaard-Oeschger cyclic too. 
The Potsdam Institute for Climate Impact Research (PIK) climatologist Stefan Rahmstorf favours an 
extra-terrestrial cause for the cycles because of the regularity of the fluctuations [196]. In 2005 he co- 
authored a study that showed that the 1470-year Dansgaard-Oeschger periodicity could have its origin 
in a combination of the 210-year Suess/de Vries cycle and the 87-year Gleissberg cycle [194, 
197-202]. Mathematically, it seems quite plausible as after 1470 years the 210-year de Suess/Vries 
cycle occurs seven times and the Gleissberg cycle occurs seventeen times when the latter is defined as 
86.5 years. However, this is just one model among many, and so the scientific dispute over the exact 
causes of the ice age Dansgaard-Oeschger-cyclic remains unresolved. 

Why is everything so complicated? Why is there no direct linear correlation between the 
millennium climate cycles and the Hallstatt and Eddy fluctuations of the sun, as is the case in the 
postglacial period? Clearly, entirely different climate processes operated during the ice age from 
those in the postglacial period. Therefore, it is assumed that the thermohaline ocean circulation in the 


ice age climate system reacted to the sun only above certain threshold values [203]. Perhaps there 
were processes that enhanced the effectiveness of the solar 87-year Suess/de Vries and the 210-year 
Gleissberg cycles while at the same time reducing the importance of the 1000- and 2300-year Eddy 
and Hallstatt millennium cycles. There is still a lot research to do. The unclear situation that prevailed 
during the last ice age should not cause us very big headaches. What is clear is that the postglacial 
situation is far more relevant to understanding our current climate processes than are the extreme and 
complex conditions of the ice age era. Regardless of glacial or postglacial, one thing is undeniable: 
the climate undergoes changes, which at times are extreme and dramatic, and does so naturally. 

Let’s go back further into climatically calmer times, to the interglacial before the last ice age, the 
so-called Eem interglacial which started 126,000 years ago. Here once again the world appears to be 
in order. A German-American research team analysed sediment deposits extracted from a former lake 
in the south-west foothills of the Alps, 40 km north-west of Memmingen [148]. There they found 
millennium cycles of between 1000 and 1500 years in the pollen flora. Unfortunately, the precise 
period length cannot be determined because of the reconstruction method’s resolution limits. Also, 
the reconstruction of solar activity going back that far using traditional methods is not possible 
without great difficulty, and so a comparison of the climate cycles with solar activity is problematic. 

Overall we cannot expect any other high resolution, fully quantitative data sets from previous 
interglacial phases that would allow comparison with modern climate data. But in the future even 
qualitative observations from these periods could bring us further and allow us to determine how a 
normal natural climate dynamic of a typical interglacial is characterized. Studies of sediment deposits 
from a lake in the Liineburger Heide showed that in the next to last interglacial (the Holsteinian) 
330,000 years ago, the climate was significandy co-determined by the Gleissberg, Hale and Schwabe 
solar cycles [204]. 

Long-period Milankovitch earth orbital cycles 

Taking into account that the total solar irradiance (TSI) is variable, the term ‘solar constant’ is 
somewhat misleading. TSI is the solar energy that strikes one square metre of the earth’s outer 
atmosphere in one second. Here the energy of all wavelengths is summed up. TSI is expressed in 
watts per square metre. 

Changes in TSI are produced by two factors. The first is the change in primary energy emission 
by the solar power plant. This is the dominant factor when considering relatively short periods (a few 
thousand years), and thus concerns the postglacial period and the current climate events, as we have 
seen. 

The second major factor that influences the solar energy reaching the earth is the position and 
movement of the earth during its annual orbit round the sun [205]. Here changes in the distance 
between the sun and the earth and the tilting of the irradiation angle of incidence play a decisive role. 
These fluctuations exhibit characteristic cyclical behaviour, but their periods are vasdy longer 
(lasting tens or even hundreds of thousands of years) than the known solar activity cycles. The 
astronomical cycles of the changing earth’s orbital parameters are called Milankovitch cycles after 
Serbian mathematician Milutin Milankovitch (1879-1958), who came up with the theory of 
astronomical cycles in the 1920s [206]. 

Three basic magnitudes are involved here (Figure 3.12). The first Milankovitch basic magnitude is 
the shape of the earth’s orbit, which fluctuates between an ellipse and a circle (eccentricity). These 
changes occur in 100,000 and 400,000-year cycles. The more eccentric (non-circular) the earth’s 
orbit, the greater the distance to the sun varies over the course of one year. And it means the sun’s 
irradiation intensity striking the earth fluctuates more over the course of the year. Currently, the earth 


has an orbit whose shape is only slightly elliptical and so its distance to the sun varies by about 3 per 
cent over the year; this leads to fluctuations in solar irradiance of almost 7 per cent. 

The second Milankovitch fundamental magnitude is the axial tilt (obliquity) of the earth’s axis, 
which varies over a period of 41,000 years. Here the climatic relevance is the enhancement of 
seasons. The more the earth’s axis is tilted, the greater is the difference between summer and winter. 
Currendy, the axis tilt is 23.44°, which is approximately halfway between the two extremes. The next 
tilt minimum is expected to be reached in about 8000 years’ time. 

Finally, the earth’s axis spins with a gyroscopic motion (precession) about the vertical with a 
period of about 20,000 years. 6 As a result the seasons do not always occur at the same point of the 
earth’s elliptical orbit. Currently, the earth reaches its closest point to the sun in January, in the middle 
of the northern winter. However, in 11,000 years’ time the closest point to the sun will occur in the 
middle of the northern summer and thus northern winters will become harsher. 

Taken together, the Milankovitch cycles lead to changes in solar irradiation of the earth with 
magnitudes of single to low doubledigit percentages, and are therefore serious climate drivers over 
the long run [207]. This explains why Milankovitch cycles have played a leading role in the changes 
between the ice ages and the interglacials over the last 1.5 million years [208-209]. Primary solar 
irradiation variability here plays only a subordinate role, unlike during the climatically stable 
postglacial period. 

We find numerous examples of the influence of astronomical cycles impacting climate deep into 
the earth’s geological history going back hundreds of millions of years [210-211]. But because of the 
long period lengths, the importance of the Milankovitch cycles for variability during the current 
interglacial and today’s climate is minimal. 

The sun’s role in climate history over the last 500 mil lion years 

Here we mention briefly another much longer climate cycle which has been suggested by the 
astrophysicist Nir Shaviv and the isotope geochemist Jan Veizer [212-214]. According to their model 
the solar system travels across the spiral arms of the Milky Way every 140 million years as it 
journeys through the galaxy, which in turn results in increased cosmic irradiation of the earth. The 
cosmic rays cause greater amounts of condensation nuclei for cloud formation, which then blocks out 
the sun and reflects it back into space. This has a cooling effect on the earth. A temperature cycle of 
similar periodicity can be shown from the geological record. This finding may appear to be of little 
importance to today’s climate, but the interrelationship of cosmic rays and cloud formation identifies 
another decisive piece of the puzzle in explaining the solar-induced warming from 1977 to 2000, a 
period when cosmic rays were largely blocked out by intense solar activity. 

Last but not least: the significant 60-year cycle 

As we have seen, the earth’s climate is profoundly impacted by a number of oscillations of different 
lengths. Oscillation is a typical behaviour for natural systems, with some oscillations being induced 
by external factors, while others occur independently. In the global temperature measurement series, 
as well as in some of the larger oceanic systems, a clear cycle with a period length of approximately 
60 years is found [215], including the Atlantic AMO, PDO and certain parts of the NAO [216] (see 
Chapter 4). The strength of the Indian monsoons [217] and the Arctic temperature [218] appear to 
follow the 60-year cycle. 

So how does this 60-year cycle come about? It doesn’t appear to be because of a primary solar 
cycle, as it lies somewhere between the 22-year Hale and the 87-year Gleissberg cycles. Or does it? It 
is known that the length of the Gleissberg cycle fluctuates between 50 and 140 years and thus it can at 


times also cover the 60-year mark [13]. This would make it a sort of trump card that could be used to 
cover everything and nothing in this range. More interesting is the observation that the Northern 
Lights appearing at the middle latitudes in the eighteenth and nineteenth centuries had a length of 62 
years [219]. Also cosmic radiation appears to follow a 65-year cycle, as lOBe measurement curves of 
the Greenland and Antarctic ice cores have shown. Perhaps here too we find a poorly understood and 
indeterminate solar activity cycle [220-222]. 

A Norwegian research team led by Odd Helge Ottera recendy found that the AMO with its typical 
6-year cyclicality must be significandy pulsed by external drive systems [223]. They were able to 
demonstrate that over the last 600 years the phases of the AMO were driven above all by solar activity 
fluctuations and large volcanic eruptions. The AMO is the main magnitude of influence for north 
Atlantic sea surface temperatures, which are connected to the global temperature curve. 

It cannot be excluded that the two largest planets in our solar system play a role in the 60-year 
cycle. It takes almost 30 years for Saturn to orbit the sun; Jupiter, which is closer to the sun, takes only 
12 years. Every 20 years Jupiter catches up with Saturn and thus both gas planets are aligned with the 
sun and together exert a gravitational pull on our mother star. After a total of 60 years, both planets 
are again in alignment at the original starting point of their astro ballet. The cyclic distortions of the 
planetary system possibly lead to slight changes in the earth and lunar orbits, as well as to 
disturbances in the inner workings of the solar power plant, which may be indirectiy discerned in the 
earth’s climate system [150, 215, 224-229]. Noteworthy is that shorter-term movements of the sun 
round the gravity centre of the solar system with periods of 7-9 years also appear to have an effect on 
the climate [230]. 

Even though we do not know much about the exact causes of these planetary tidal effects, the 60- 
year cycle influences our climate via natural climatic oscillations of the world’s oceans in a not 
negligible manner (see Chapter 4 and Scafetta in that chapter). Climate models that ignore this 
mechanism cannot be considered complete. 
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A long list of empirical results strongly suggests that solar variations play an important role in 
climate change. We begin by discussing why such variations are crucial if we are to understand 
twentieth-century climate change and how it is related to the value of the climate sensitivity, for 
example the amount of warming expected for a certain increase in manmade greenhouse gases. This 
climate sensitivity is necessary if we are to predict future climate change. 

In the standard scenario advocated by the IPCC, most of the global warming observed over the 
twentieth century is attributed to the increase in manmade greenhouse gases. Indeed, when one 
considers the observed increase in temperature and the increase in manmade greenhouse gases, it is 
very tempting to do so. However, we have to remember that there are many uncertainties - primarily 
the unknown radiative forcings and unknown climate sensitivity - which imply that most of the 
warming is not necessarily human. 

When the earth’s energy budget changes, that is, when the net radiative forcing changes, so does 
the climate equilibrium. Loosely speaking, the temperature change over the twentieth century is the 
product of the changed energy balance, according to the IPCC mostiy manmade greenhouse gases, 
and the climate sensitivity: 

Temperature Change (AT) = Radiative Forcing Changes (AF) x Climate Sensitivity (S) 

It is, though, somewhat more complicated because it takes many decades for the climate system to 
adjust. 

Here comes the problem, we know inadequately the net radiative forcing imposed by humans over 
the twentieth century and we know even less about the climate sensitivity. It turns out that the Achilles’ 
heel for both is clouds. We don’t know the net radiative forcing because human activity increased the 
amount of atmospheric aerosols which ‘seed’ the clouds and cool the earth [1]. Unfortunately, there is 
a very large uncertainty about the size of the effect. Clouds are also very important to the 
determination of climate sensitivity because the climate feedback through clouds - namely, by how 
much the cloud cover changes when the global temperature changes - is not known. Robert Cess of 
the State University of New York and colleagues showed in 1989 that it is by far the biggest source of 
uncertainty [2]. Some twenty years later, the situation is virtually the same. 

For these reasons, there is no single prediction for how large the anthropogenic warming should 
have been over the twentieth century - multiplying two very uncertain numbers gives an even more 
uncertain temperature change. 

Because theory cannot uniquely predict twentieth-century warming, it can be attributed to human 
activity only because of indirect lines of argument. First, twentieth-century warming is unprecedented. 
In Chapter 4 we shall see that this argument holds no water. Second, climate modellers cannot explain 
the warming without including the anthropogenic contributions to the net radiative forcing, in 
particular that of the greenhouse gases. 



Now we see why the role of the sun in climate is so important. Because solar activity increased 
over the twentieth century, if it has an effect on the climate it should have contributed a net positive 
forcing and it may have been responsible for some of the twentieth-century warming. This would then 
diminish the role of manmade activity. 

Put more quantitatively, if the sun has contributed a positive radiative forcing, then the total 
radiative forcing change over the twentieth century is necessarily larger as well. As we shall see, the 
sun does have a large effect on the climate, and it is roughly twice as large as the anthropogenic 
forcing alone. This implies that in order to explain the same observed twentieth-century warming, we 
require a climate sensitivity only half the size. In fact, the range of sensitivities required to explain 
twentieth-century warming is just below the often quoted IPCC range of 1.5-4.5 0 C increase per 
doubling of C0 2 . 

Needless to say, a lower climate sensitivity is very important if we are to the predict twenty-first- 
century temperature increase. For a given emissions scenario, such as a ‘business as usual’ one, the 
warming should be correspondingly smaller. 

Evidence for a solar-climate link 

One of the most interesting aspects of the sun is that it is not constant. The variations that it exhibits 
appear in the total irradiance of the sun, primarily in the visible and infrared bands by as much as 0.1 
per cent. But they also appear in components other than the total emitted flux. These include very 
large relative changes in the magnetic field, the number of sunspots, the strength of the solar wind 
and the amount of UV, to name a few. 

The basic variation is an activity cycle of about 11 years, which arises from quasi-periodic 
reversals of the solar magnetic dipole field. Over longer timescales (of decades to millennia) there 
are irregular variations which modulate the 11-year cycle. For example, during the Middle Ages and 
again in the latter half of the twentieth century, the peaks in the 11-year cycles were strong, but were 
almost absent during the Maunder minimum. On the other hand, eruptions may appear on a timescale 
of days. Today there is evidence linking solar activity to the terrestrial climate on all of these 
timescales. 

Since Jack Eddy published his work in the 1970s, many empirical results have shown a clear 
correlation between different climatic reconstructions and different solar activity proxies on the 
timescale of decades or longer. Eddy realized that there is a correlation between solar activity and the 
European climate over the past millennium [3]. For example, the Little Ice Age in Europe took place 
while the sun was particularly inactive, during the Maunder minimum. The Medieval Warm Period, 
on the other hand, occurred while the sun was as active as it was in the late twentieth century. Since 
then, many findings show a correlation between different climatic reconstructions and different solar 
activity proxies. 

One of the most beautiful results is that of a multi-millennial correlation between the temperature 
of the Indian Ocean as mirrored in the ratio between different oxygen isotopes in stalagmites in a 
cave in Oman, and solar activity, as reflected in the cosmogenic carbon 14 isotope [4]. These results 
by Professor Mangini Heidelberg’s cosmogenic isotope group are presented in Figure 3.11. 

Another impressive result over the same timescale comes from Professor Bond’s group, where 
the solar activity was compared with the northern Atlantic climate, as recorded on the ocean bed 
through ice-rafted debris [5] (Figure 3.10). Many other correlations exist elsewhere. 

One way to see that this solar -climate link is global and that it affects the global temperature is to 
look at borehole data [6]. These reveal that the solar variations give rise to changes as large as 1° C 
between low and high solar activity. 


Over the 11-year solar cycle, it is much harder to see climate variations. There are two reasons for 
this. First, if we study the climate over short timescales, we find that there are large annual variations 
(for example, due to the El Nino oscillation) which introduce cluttering ‘noise’, hindering the 
observation of solar-related signals. Second, because of the large ocean heat capacity, it takes decades 
before the full effects of given changes in the radiative budget, including those associated with solar 
variability, can be seen. It is for this reason that the climate of continental regions is typically much 
more extreme than their marine counterparts. 

If, for example, a given change in solar forcing is expected to give rise to a temperature change of 
0.5° C after several centuries, then the same radiative forcing varying over the 11-year solar cycle is 
expected to give rise to temperature variations of only 0.05-0.1° C or so [7]. This is because over 
short timescales, most of the energy goes into heating the oceans, but because of their very large heat 
capacity, large changes in the ocean heat content do not translate into large temperature variations. 

Nevertheless, if the global temperature is carefully analysed (for example, by folding the global 
temperature of the past 120 years over the 11-year solar cycle), it is possible to see variations of 
about 0.1° C in the land temperature and slighdy less in the ocean surface temperature [7]. Moreover, 
as we shall demonstrate, it is possible to see the large amount of heat going into the oceans every 
solar cycle. 

We therefore conclude that the sun has a large effect on the climate. Although the link itself is not 
the topic of this chapter, it should be mentioned that the leading contender is through solar 
modulation of the cosmic ray flux reaching the earth [8]. This is now supported by a range of 
empirical and experimental results, as discussed later in this work. 

Quantifying the solar climate link 

Having established that the sun has a large effect on the climate, we can proceed to quantify the size of 
the link. In particular, we are interested in the radiative forcing associated with solar variability. This 
is important if we are to assess its role in twentieth-century climate change. 

As mentioned above, looking for the temperature response over the 11-year solar cycle is 
problematic because of the large heat capacity of the oceans and the climate variability over short 
timescales. Nevertheless, we can use the large ocean heat capacity to our advantage, since it implies 
that short-term variations in the energy balance will translate into heat content variations in the oceans 
without affecting other components, that is, without any internal feedbacks operating. This implies 
that the 11-year cycle variations in the heat content in the oceans can be straightforwardly used to 
calculate the radiative forcing imposed by the sun. 

The ocean heat content can be derived from three independent data sets. First, there is the direct 
measurement of the heat content, as measured by small temperature changes down to depths of 700 
metres since 1955, over the whole ocean; the second is the surface sea temperature; while the third are 
tide gauge records of the sea level. Each of the three data sets has advantages and disadvantages. The 
tide gauge record can be seen in Figure 3.A.I. All three records consistendy reveal that the amount of 
heat going into the oceans every solar cycle is about 6-7 times larger than the changes expected from 
just the variations in the total irradiance [9]. In absolute terms, it is a variation of about 1 W/m 2 . 

The figure we obtain this way is very interesting. First, the leading contender to explain the solar- 
climate link is through cosmic ray flux modulation of the atmospheric ionization, which in turn 
affects the cloud cover. This implies that the radiative forcing change associated with cloud cover 
variations over the 11-year solar cycle should be of the order of 1 W/m 2 - the amount of heat going 
into the oceans. Within the radiative forcing uncertainties of clouds, this is indeed the observed 
variations [7]. Second, because the forcing variation is large, it is comparable to the net 


anthropogenic changes in the radiative forcing over the twentieth century. This implies that one has to 
consider solar variability when trying to understand twentieth-century global warming. 

Twentieth-century climate change - the full picture 

Now that we have quantified the size of the link, we can proceed to estimate the effect that the sun had 
over the twentieth century. Since the increased solar activity between the first half and second half of 
the twentieth century is comparable to the variations between solar minimum and solar maximum 
over the 11-year cycle, we can expect the radiative forcing to be similar, at around 1 W/m 2 . For 
comparison, the IPCC in its 2007 report estimates the net anthropogenic forcing to have been 0.6-2.4 
W/m 2 , but the solar forcing that modellers typically include is only the changes in the solar 
irradiance, which are of order 0. 1-0.2 W/m 2 . 

To understand the climate change better, we can employ a simple ‘box’ climate model, one that 
includes temperatures for the land, ocean mixed layer and diffusion into the deep ocean. We can then 
ask what the allowed ranges for the different climate variables are, including the couplings, 
sensitivity, radiative forcings, and so forth which can consistendy explain the twentieth-century global 
warming. The answer is that if we allow the sun to have contributed more than changes in the solar 
irradiance, we find that twentieth-century warming can be much better explained than present global 
circulation models which exclude a large solar effect. In fact, the residual in the fit between model and 
observations is twice as small! This can be seen in Figure 3.A.2. 

This fit gives a net solar contribution of 0.8 ± 0.4 W/m 2 , and a climate sensitivity of 0.95 ± 0.35° C 
increase per doubling of C0 2 . These values are consistent with previous determinations of the solar 
effect and of the climate sensitivity. 

Summary 

We have seen that there is ample evidence to prove that the sun has a large effect on the climate. This 
is important because it allows us to present a much more consistent picture to explain the observed 
twentieth-century global warming - one in which model predictions fit the observations much better. 
In this picture, the sun has contributed a net radiative forcing which is comparable to the 
anthropogenic contribution. As a consequence, the same twentieth-century warming can be explained 
with a smaller climate sensitivity to C0 2 . It also implies that for a given emissions scenario the 
predicted twenty- first-century warming should be correspondingly smaller, typically around 1-1.5° 
C, for a ‘business as usual scenario’. 



Figure 3.A.1 The sea level change rate (blue, with a hatched la error) and solar constant (red line). Over short timescales, it 
originates predominantly from changes in the oceanic heat content. Using these data, the derived changes in the energy budget 


over the solar cycle correspond to 1 W/m 2 , almost an order of magnitude more than can be expected from changes in the 
solar irradiance [9], 


o.*4 



Figure 3. A. 2 A comparison of the observed global temperatures (red line) and the temperatures modelled using an energy 
balance model with a diffusive ocean (green line). The small residual, which is twice as small than that obtained in typical global 
circulation models, can be obtained if we allow the sun to have large effect on the climate and the climate to have a low climate 
sensitivity [10]. 
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4. A brief history of temperature: our climate in the past 


People love records. Anything that is special or unique seems attract us as if by magic - a new world 
record in the 100-metre sprint, the shortest man in the world or the hottest decade since the 
thermometer was invented. The notion is always fascinating. It is the thought of entering new, 
uncharted territory. Journalists are always grateful for the supply of new records, which serve to 
satisfy the public appetite. Weather records of course are part of it. In the summer of 2010, western 
Russia was gripped by a heatwave that lasted for weeks, with temperatures reaching 40° C. It was 
probably the country’s most powerful heatwave in 1000 years [1]. Extreme drought also led to 
widespread forest and peat bog fires. Many villages were engulfed by flames. Heat and smoke-laden 
air led to a surge in deaths. The source of the misery and destruction was quickly found: global 
warming [2-5]. Surely even the last, most stubborn sceptics of the IPCC would now give up their 
annoying resistance for good (see Chapter 5). 

In the middle of August, as temperatures steadily returned to normal levels, the fires were 
extinguished and the smoke gradually cleared, American scientists set out to examine what exacdy 
had caused the heatwave [6-7]. What they found was unexpected: the heatwave had less to do with 
climate change and much more to do with a natural phenomenon, namely weather blocking. An 
atmospheric high pressure system remained stationary over western Russia for weeks and prevented 
the inflow of cooler air and the formation of summer storms. The researchers discovered that this 
sort of weather system had occurred repeatedly over the region during the last 130 years. In addition, 
they discovered that the climate in western Russia over the period had not warmed at all [6-7]. Well, 
mistakes can be made. 

To a lesser extent, the same phenomenon also struck central Europe in the spring of 2011. An 
unusually long blocking by seven high pressure systems in succession delivered a weeks-long warm 
and dry period between April and early May. In the summer of the following year (2012), however, 
central Europe remained relatively cool. Instead, a two -mo nth-long heatwave raged across the United 
States and Canada. This was an ominous sign of manmade climate change many media outlets 
claimed. But once again, the media had not done their science homework. A series of similar 
heatwaves had occurred in the 1930s in North America. Clearly, the 2012 heatwave was well within 
the limits of known natural climate variability. 

The heat records could indeed be perplexing, had there not been a series of record cold winters in 
the past few years. In 2012 the coldest ever December had Russia in its grip, causing more than 100 
deaths. In Siberia the temperature dropped to -60° C. The unusual cold extended to India, where 26 
people died during the cold snap. In China the mercury plummeted to -37° C. 

The winter of 2011-12 had its very cold moment too. By the end of October 2011, an early 
snowstorm plunged the US east coast into chaos. New York’s Central Park experienced the heaviest 
October snowfall recorded there since record-keeping began in 1869. In February 2012 a deadly cold 
wave swept over the European continent and claimed more than 800 lives. Temperatures in several 
eastern and northern European countries plunged to as low as -39° C. 

The winter of 2010-11 set a large number of shivery records. Great Britain and many Swedish 
cities recorded the coldest December since record-keeping began [8-9]. In Northern Ireland the 
mercury plummeted to -18.7° C - a new national record [8]. Matters were little better on the continent. 
In Germany the coldest December in 40 years was recorded, along with heavy snowfall [8]. The 
coldest May night in 50 years struck Germany on 3 May 2011, destroying parts of the wine and fruit 



crop [10]. Winters overseas were hardly milder. The United States suffered unusual cold and heavy 
snowfalls [11] and South Korea came to a standstill under the heaviest snowfall in a century [12]. 

The winter of 2009-10 was cold too. From the end of December 2009 until the middle of January 
2010, temperatures over large parts of the globe, from North America to Europe and Asia, dropped 
to unexpected levels [13-15]. Snow, traffic chaos, deaths and power outages prevailed in many areas. 
Great Britain experienced the coldest winter in 30 years with the British media calling it The Big 
Freeze’ [16]. Frost struck hard in Peking and Miami, and produced the coldest winter in 40 years [17] 
and since the start of weather records-keeping, respectively [15]. The cause of the intercontinental 
cold snap was an extremely negative NAO [15, 18], which is a climate internal fluctuation we shall 
discuss in more detail in Chapter 7. 

Cold and heat anomalies occur regularly throughout the year. We saw them in the past and will 
continue to see them in the future. A look at the temperature records and other extreme weather 
systems reveals something ‘unusual’ for every region almost every year [19]. That our memories 
focus mainly on events of the recent years while distant events are shelved in the back of our minds 
appears to be a trait embedded deep in the human psyche. Our porous climate memories are pardy 
responsible for the alarmist over-interpretation of current climate events. Single extreme weather 
systems neither refute nor confirm the accuracy of climate prognoses. Only a systematic and 
worldwide evaluation, spanning multiple decades, can uncover meaningful trends from all the 
statistical noise. For this reason the heat and cold waves of recent years cannot play a meaningful role 
in debates on either side of the climate discussion. 

El Nino sets the pace 

If we take a look at the global temperature curves of the last 30 years, we see peculiar warm peaks 
with amplitudes of 0.2-0.7 0 C that repeat at irregular intervals and with various intensities (Figure 
4.1). After about a year or two, the heating fizzles out as quickly as it came and temperatures abrupdy 
drop back down to normal levels. The cause of this spectacle is El Nino, which occurs in the tropical 
Pacific every 2-7 years, typically around Christmas time. The event is characterized by a strong 
warming of the upper water layer in this oceanic region. When this happens, high pressure and low 
pressure atmospheric systems trade places, and this leads to a partial reversal in air and ocean 
currents [20]. The phenomenon as a whole, comprising the El Nino and Southern oscillations, is also 
called the El Nino Southern Oscillation (ENSO). 



Figure 4.1 The global temperature curve spikes upwards every 2-7 years with strong warm peaks traced back to the natural El 
Nino phenomenon in the tropical Pacific. El Nino’s cold counterpart, La Nina, pulls the curve back down with its cold spikes. 
Sulphur emissions from large volcanic eruptions also cause cool spikes. Source: base curve, University of Alabama- 



Huntsville. 


The large El Nino irregularity has profound impacts on the climate, which have consequences not 
only for the Pacific region, but for the entire globe [21]. For example, during warm El Nino years, 
Southeast Asia, Australia and the Amazon area are plagued by drought, while other parts of South 
America are inundated by heavy rainfall. Even North America and East Africa are climatically 
impacted by El Nino events. The abrupt changeover in climatic processes during an El Nino also has 
impacts on sea life along the South American Pacific coast. Due to a lack of nutrients, algae die and 
shoals of fish migrate to warmer waters. With the food chain interrupted, seabirds, seals and sea 
reptiles draw the short straw and have to fight for survival. 

El Nino events are the most powerful of the short-term internal climate fluctuations, changes that 
emerge spontaneously from within the climate system. During the particularly powerful El Nino of 
1997-98 the global mean temperature shot up by 0.7° C. That is an enormous hike, especially if one 
considers that the entire climate debate comes down to the 0.8° C the earth has warmed since 1850 
according to some authors [22-23]. In the tropical Pacific alone the surface water temperature 
increased a massive 7° C and the air temperature rose by up to 1.5° C. 

Because El Nino years are special, their erratic temperature jumps have to be carefully identified 
and plotted on temperature curves (Figure 4.1). This is the only way of discerning the overlying 
climate signal. Under no circumstances can a brief El Nino temperature rise be used as confirmation 
of the IPCC warming prognosis because the dubious claim dissolves as soon as the El Nino fades 
away and the temperature collapses. A reliable forecast of the next El Nino occurrence is also 
impossible due to its irregularity. That means El Nino will remain one of the true Christmas surprises 
for some time to come. But not even El Nino is completely free of external forces. There are now 
good indications that the El Nino phenomenon in the tropical Pacific is influenced by fluctuating 
solar activity [24-29]. 

The stratospheric sun screen of volcanic dust: the year without a summer 

In addition to the El Nino peaks, there are sharp cooling events in the temperature curve that can last 
up to 3 years before they return to a normal level. These short-lived cold outliers are caused by El 
Nino’s sister La Nina (Spanish for Tittle girl’). This is the counterpart of El Nino and it leads to a 
temporary cooling of the tropical Pacific of up to 3° C and 0.1-0.2 0 C for the global temperature 
(Figure 4.1). 

However, the most distinct cold peaks are due to another climate player. The earth is punctuated 
with coundess safety valves - volcanoes, which release huge amounts of liquid rock. Often the 
pressure inside a volcano is so high that it ejects great quantities of ash, gases and rocks into the air. 
The climatic relevance of most eruptions, however, is minor. Only when there are especially 
powerful and explosive volcanic eruptions, about twice a century, does enough material shoot high 
enough into the air that large amounts find their way into the stratosphere [30]. Once at this altitude 
volcanic particles are carried eastwards by the strong jet stream as if on a superhighway. Eventually, 
they are deposited around the entire globe. Ash and sulphur dioxide, which form into sulphuric acid 
aerosols, create a shadowy veil that partly absorbs solar radiation or reflects it back into space 
[31-33]. As a result, less solar energy reaches the earth’s surface, and temperatures fall [34]. While a 
‘volcanic winter’ [31, 35] begins abruptly, the end and transition to a normal climate is gradual 
because volcanic particles leave the atmosphere very slowly as they sink down or are washed out by 
rain and snow. 

The most important volcanic eruptions impacting the climate over the last 250 years were the 
Icelandic Laki Crater [36-37] in 1783, the Tambora volcano [38-39] on the Indonesian island of 


Sumbawa in 1815, the Indonesian volcanic island of Krakatau in 1883, the Mexican El Chichon [40] in 
1982 and the Philippine Pinatubo [41] in 1991 (Figure 4.1). These volcanoes each shot 20-100 million 
tons of sulphur dioxide and ash to altitudes of 20-45 km into the stratosphere [41-44]. The very cold 
winter of 1783-84 followed the Laki eruption when temperatures in the Northern Hemisphere fell an 
average of 1.5° C. Along the US east coast temperatures plunged by a massive 5° C [45]. North 
America, Central Europe and Asia experienced an extremely hard winter. 

The situation was similar after Tambora erupted in April 1815. The huge clouds of ash remained 
so stubbornly in the atmosphere that 1816 went down in history as ‘the year without a summer’ [44, 
46-50]. Crop failures and hunger were widespread. As a small consolation the volcanic aerosols did 
produce some spectacular sunsets. The Tambora cooling was exceedingly strong because the eruption 
occurred during the second half of a 40-year solar-related cold phase. In 1790 solar activity had 
dropped abrupdy and marked the beginning of the so-called Dalton minimum, which persisted until 
1830 (see Chapter 3). Tambora’s eruption simply provided more cooling and exacerbated the cold for 
a number of years. 

Two climate scientists working at the Helmholtz Centre, Geesthacht, recentiy tried to blame the 
entire 1790-1830 Dalton minimum cold phase on the 1815 Tambora and another ominous 1809 
eruption, all in an attempt to erase the sun from the climate equation [51]. The climate model they 
used was not even equipped with the solar amplifier, which should have been taken into account based 
on the current level of knowledge (see Chapter 6). Moreover, the temperature curve had dropped 
more than 10 years before the eruptions occurred [52] and probably did not follow solar activity by 
coincidence (Figure 3.7). How can a volcano, which hasn’t yet erupted, force the temperature to drop 
for years? The cold phase of the Dalton minimum thus has to be attributed to weak solar activity, at 
times made worse by one or possibly two strong volcano eruptions. 

Just after Krakatau erupted in 1883, the mean temperature of the Northern Hemisphere dropped 
0.5-0.8 0 C [53]. A cooling of similar magnitude is assumed to have occurred after the 1991 Pinatubo 
eruption. However, the Pinatubo temperature fall happened immediately after an El Nino year with an 
anomalous warming development, and so the volcanic cooling effect had an impact of only a few 
tenths of a degree (Figure 4.1). The 1982 El Chichon eruption falls into the category of moderate 
cooling and brought with it about 0.2° C of global cooling [54]. 

In addition to large volcanic eruptions, it appears that some middling eruptions are capable of 
ejecting material into the stratosphere as an American-French research team showed using satellite 
measurements [55]. The quantities of aerosol are certainly much less than those of major, 100-year 
eruptions. Nevertheless, these eruptions are more frequent and at times their cooling effect may make 
an appreciable contribution to climate development. 

Global warming over the last 150 years 

Single, anomalous hot summers and cold winters, El Nino warm peaks and volcanic dimming can 
produce interesting short-term temperature accents. But in the research of long-term climate 
development and its causes, these processes play no major role because of their transience. The 
starting point of the current climate discussion can be clearly identified and is not in dispute. In the 
last 150 years the temperature has risen 0.8° C. This is a global mean value. In some regions (e.g. the 
Arctic) the temperature has risen more, but less in other regions (e.g. the Tropics). This warming 
took place in three episodes: 1860-80, 1910-40 and 1977-2000. The rate of increase of the three 
episodes was similar - about 0.15° C per decade [56] (Figure 4.2). Between the warming phases the 
climate cooled slighdy or stagnated. 

What is the 0.8° C of warming based on? Is it really a suitable reference point? No, it is not. The 


starting point of the warming trend is the Little Ice Age (1550-1850), a natural cold period caused by 
the low solar activity of the 1000-year Eddy cycle. The nearly 70-year long low solar activity period 
of the Maunder minimum forms part of this cycle (Figure 3.7). Solar activity began to ramp up again 
150 years ago, marking the end of the Little Ice Age (see Chapter 3). 
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Figure 4.2 In its 2007 report the IPCC suggested that the rate of warming increased continuously over time. The further back 
the interval, the less was the rate of warming. However, in the IPCC’s original graph the two dashed lines were missing. These 
clearly show that there were phases in the past which had similar warming rates as the 1977-2000 warming. The warming 
phases were each followed by cooling or stagnation phases. Therefore, it is unlikely that the high warming rate of the last 25 
years represents a long-term trend. Source: AR4 modified [57], 

From the postglacial climate archives we know that warm and cold phases have always alternated 
with the Eddy cycles. They oscillate about a mean level that represents a ‘normal temperature’ 
(Figures 3.9 and 3.12). It is clear that this ‘normal temperature’ would represent a more neutral and 
thus better reference level. If the climatic recovery after the Fittle Ice Age is 0.3° C, then the climate 
discussion should turn on the remaining 0.5° C of warming [58]. In addition, a part of this warming 
should be attributed to the expected subsequent natural Eddy warm phase. If this is also about 0.3° C, 
then it leaves an ‘unnatural’ (anthropogenic) warming of significantly less than 0.5° C which should 
possibly be attributed to C0 2 and other manmade factors. 

The 1977-2000 temperature increase 

Fet’s take a look at the last of the three warming phases. The temperature rise began at the end of the 
1970s and lasted until about the year 2000 (Figure 4.3). The highest temperature was recorded in 
1998. However, this was an El Nino year and so it is better to exclude it. In total the temperature 
increased about 0.5° C over a good 20 years. The exact attribution of this warming to the various 
potential climate factors is fiercely disputed. 



Figure 4.3 Temperature over the last 130 years. Source: GISS surface temperature data set. 


Keep in mind that the IPCC likes to keep things simple and claims that C0 2 alone is to blame [57, 



59]. The cause is the steady increase in the atmospheric concentrations of C0 2 . The IPCC does, 
however, concede that the sun was very active during the 1980s and 1990s. The solar magnetic field 
during the 11-year solar cycles 21 and 22 reached intensities that were among the highest of the last 
few hundred years (Figure 3.8; see also Chapter 3). In addition, the 1977-2000 episode coincides 
exacdy with the sharp upward flank of a natural oceanic cycle, which has a major impact on global 
temperatures (see more below). 

Now is a good point to explain what is meant by the term ‘global average temperature’ and its 
value. This temperature is reached by a wide variety of single measured values taken from all the 
regions and climate zones on earth. The measurement accuracy of each station is ±0.5° C. Because of 
the huge quantities of data involved, differences can be reported statistically in tenths or even 
hundredths of a degree Celsius. However, when one looks at the temperature development of a single 
measurement station, or large areas, then at times one finds surprising deviations from the global 
average trend. 

The temperature in the Arctic during this warming episode has increased more than anywhere else 
and contributes disproportionately to global warming [60]. However, there are also very few 
measurement stations in this inhospitable region and this leads to wide area temperature 
generalization using very few known temperature points. That inevitably introduces possibilities for 
error [61]. Moreover, a part of the Arctic warming simply has to do with changed ocean current 
patterns. Recently, more warm water seems to have reached the Arctic region through the eastern 
Fram Strait, between Spitzbergen and Greenland [62]. This ‘remote’ warming has to be distinguished 
from ‘local’ warming. 

While most of the planet has warmed significandy over the past decades, there are some regions 
where surface temperatures have fallen. This is especially true of Antarctica [63], the east Pacific and 
parts of the Indian Ocean (Figure 4.4). Greenland is another interesting example, as its inland glaciers 
contain enormous quantities of water which, if they were to melt completely, would cause the oceans 
to rise 7 metres. Here too the temperature increased during the last warming episode (1977-2000). 
However, in the middle of the twentieth century it was at least once as warm as it is today, and so in 
principle Greenland has had essentially no net warming [64-66]. The situation is similar in the United 
States [67-69] (Figure 4.5). 

On a global scale, however, the warming trend from 1977 to 2000 is noticeable. The same 
conclusion was reached by a study carried out at the University of California, Berkeley (the BEST 
study) which in October 2011 evaluated the global land surface temperature data set [71]. The study 
was prompted by the fact that strong heat island effects from building construction, asphalt, concrete, 
heat exhaust, as well as automobile and air traffic in large urban areas, heat up urban areas by several 
degrees compared to the surrounding rural areas [72-74] (see Chapter 5). 
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Figure 4.4 Temperature trends for 1979-2004 (HadCRUT2 temperature dataset). Many regions warmed, however others have 
cooled. Source: IPCC AR4 [57], 
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Figure 4.5 Temperature developments in the United States [67] and south-east Greenland (Angmagssalik station) [70], In both 
regions the warm phase of the 1930s reached about today’s levels. 

The cause of the 1977-2000 warming would be relatively easy to explain if we had a network of 
temperature measurement stations on the other planets in our solar system. The idea is very simple: if 
we recorded a warming there as well, then we would know that the sun is the climate driver. 
Unfortunately, such a network does not exist and so we have to make do with single observations. Yet 
these are very interesting, even if they are not statistically sufficient and temperature changes could 
have other causes [75]. Various research groups have found signs of warming on Mars [76], Jupiter 
[77] Neptune’s moon Triton [78-79] and Pluto [80]. In the future resourceful astronomers may find a 
way to produce a more complete temperature data set and thus shed more light on current, 
nontransparent planetary climate developments [81-82]. 

Climatic stop and go with a 60-year beat: a cycle! 

Ask a friend or colleague this just for fun. Most of them won’t even know that global warming 
actually stopped over 10 years ago. Since the year 2000, the temperature has in principle not risen 
[83-86] (Figure 1.2; see Chapter 1). How could this have happened? Didn’t the IPCC warn us of 
dangerous warming that threatens to careen out of control? Or is it just a hiatus before climate 
warming resumes its upward death spiral? 

As we have seen, for the last 150 years there have been recurrent stagnation and cooling episodes 
(Figure 4.2). The last one occurred between 1940 and 1977, a time when some climate scientists were 
fretting that a new ice age was imminent (see Chapter 7). Today’s current break in warming is not 
unusual. The climate patterns of the past are simply repeating themselves. Still, it would be nice to 
know what is behind this stop and go. We have already seen with El Nino that oscillations within the 
climate system can have major impacts on the weather and climate. This especially applies to 
processes in the Pacific, whose effects can be felt all over the globe. Is there an internal climate cycle 
there lasting several decades that could explain the longer-term ups and downs in global temperature 
over the last 150 years? The answer is yes. This oceanic cycle was first discovered in 1996 by Steven 
Hare of the University of Washington and is called the Pacific Decadal Oscillation (PDO) [86]. 
Initially, it was mostly about cyclically fluctuating salmon stocks along the North American west 
coast [87]. Slowly, though, climate scientists became more aware of the PDO’s trans-regional 
importance. Today it is only the IPCC that seems unwilling to accept the significance of the PDO 
phenomenon. 


With the PDO, certain warm and cold water regions swap places in the northern Pacific Ocean 
(Figure 4.6), and do so every 20-30 years. A complete PDO cycle thus lasts 40-60 years [88]. As is 
the case with solar activity cycles, the oceanic PDO cycle is not rigid in its timing, so a perfect annual 
forecast is impossible. But statements on overall trends can be made and provide valuable 
information. The PDO Index is calculated using the north Pacific sea surface temperatures, from 
which the global average temperature is subtracted. Let’s superimpose the PDO Index over the global 
temperature curve to see if El Nino’s big brother, the PDO, is as strongly involved with shaping the 
climate as the 2-7-year El Nino oscillations are. 


Pacific Decadal Oscillation (PDO) 



Figure 4.6 The PDO describes the position of the warm and cold water regions of the northern Pacific Ocean. They trade 
places every 20-30 years and have a strong impact on the global mean temperature [89], 

The result is absolutely fascinating. Over the last 150 years the PDO and global temperature 
curves are surprisingly very well synchronized (Figure 4.9). The three warming episodes of 1860-80, 
1910-40 and 1977-2000 all occur with the positive phase of the PDO, while the cooling phases occur 
during the negative PDO phase. So why hasn’t the IPCC mentioned this? Some scientists, among them 
Don Easterbrook (Western Washington University), Syun-Ichi Akasofu (University of Alaska, 
Fairbanks) and Roy Spencer (University of Alabama, Huntsville) do not back the IPCC, Instead, they 
have highlighted this remarkable relationship [90-94], but have been ignored by the IPCC climate 
establishment. 

One might suspect that the PDO is controlled by global air temperatures. However, this is not 
possible because the PDO only describes the distribution of cold and warm water areas, and the 
pattern has been repeated over the course of the climate warming of the last 150 years at various 
temperatures. Therefore, the PDO has to be the trigger of the 60-year temperature cycle, and not vice 
versa. In the positive PDO phases the PDO strengthens and so the global average temperature 
increases. In its negative phase, the PDO weakens and this leads to cooling. It is still unknown how the 
PDO comes about. Perhaps it is a basic internal oscillation of the Pacific climate system and the 
cycles occur without any external influence. Alternatively, the sun [95-96] may drive it, or the tidal 
forces of the giant planets Jupiter and Saturn acting on the sun in a similar fashion as lunar tidal 
forces on the ocean [97] (see Scafetta, below). 

As we have noted, the IPCC does not take the 60-year PDO cyclic and related cycles sufficiendy 
into account in its models [98-99]. That leads to a significant error because it causes the IPCC to 
assume wrongly that the rapid temperature increases during the warming episodes are the real long- 
term warming rates. Here the IPCC fails to note that the warming in these phases is magnified by the 
positive PDO. This needs to be deducted in order to arrive at the real long-term warming rate, which 
turns out to be much lower than what is postulated by the IPCC [100-102]. One gets the true warming 
rate when a line is drawn through the zero points of the PDO cycle and not along the steep positive 
flank of the PDO (Figure 4.7). 


Owing to this misunderstanding, the IPCC manoeuvres itself into another problem, namely its 
explanation for the 60-year cyclically repeating cooling phases. Because the IPCC ignores the PDO 
cycle as a global climate driving factor along with the sun, it gets really creative and pulls aerosol 
clouds emitted by industry out of its magician’s hat. This is what they use to explain the cooling. First, 
it is clear that these aerosol cooling effects do exist and that they block sunlight reaching the earth’s 
surface. But it is rather troubling that the IPCC habitually uses aerosols as a joker in its climate 
models whenever they need to explain cyclic cooling phases. These cooling phases are dubbed global 
dimming. During the warming phases, the IPCC simply switches off this effect and claims it is due to 
the installation of sulphur filters on smokestacks [103]. It was not long ago that the aerosol joker was 
played yet again. A new round of global dimming was announced after the IPCC had become ruffled 
by the more than 10 years of no warming and their warming models had increasingly come under 
fire. On that occasion it had to be the increase in sulphur emissions by Chinese coal-fired power 
plants that were causing the skies to darken [83]. IPCC experts, along with Robert Kaufmann, wanted 
to prove that global warming had been stopped by the increased cooling effect of aerosols from 
China. While it is true that sulphur dioxide emissions in China increased steadily up to 2005, since 
then China has made enormous efforts in equipping its coal power plants with desulphurization 
systems. By 2006 its emissions had declined [104]. Since then three-quarters of Chinese power plants 
have been equipped with desulphurization units. Yet, global cooling is still with us. The attempt by 
Kaufmann and his proponents since then has been seriously questioned [55], for example, aerosol 
concentrations in the stratosphere from 2000 to 2005 had not significantly increased. 
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Figure 4.7 The strong warming phase of 1977-2000 coincides with the rising flank of the PDO cycle. The IPCC misinterpreted 
this PDO-enhanced rate of warming as a long-term global trend, then naively extended it to the year 2100. The warming trend 
of the twentieth century is considerably less and is dependent on a combination of the C0 2 increase and stronger solar activity. 
What is more, the IPCC fails to consider the likely cooling effect of the expected reduced solar activity (see Chapter 7) over the 
coming decades [93], 

The long-term warming trend of the last 300 years 

Now that we have examined the 60-year temperature oscillations, it is time to look at the overlying 
long-term warming trend of the last 300 years. In principle we have already described it in Chapter 3. 
This long-term warming is created by the sun and increased C0 2 . The 1000-year Eddy solar cycle 
reached its irradiative minimum in the middle of the last millennium during the Little Ice Age. At the 
end of the Little Ice Age, solar activity increased and things warmed up again. Whereas there were no 
sunspots between 1661 and 1671 during the Maunder minimum, the sun was so peppered with spots 
during the second half of the twentieth century that one could have thought it had a bad case of 
chickenpox (Figures 3.3 and 3.8). This sunspot maximum marked one of the most active solar phases 
in the last 10,000 years. Indeed, the sun’s magnetic field doubled in strength compared to the Little Ice 


Age (Figure 3.8). The close link between the sun and climate over the last 10,000 years is confirmed 
by numerous geological studies (Figure 3.12) and so it would be astonishing if that close link were to 
stop out of the blue (see Chapter 3). It is clear then that the enormous increase in solar activity could 
be responsible for a large part of the long-term warming of the last 300 years. 

Parallel to solar activity, the concentration of atmospheric C0 2 has also increased due to the use of 
fossil fuels (Figure 3.8). Because of its greenhouse effect, C0 2 has made a contribution to the 
observed temperature increase, even if by how much is difficult to quantify. The apportionment of 
warming due to the sun and C0 2 is unclear and hotly debated. Respected scientists not affiliated to the 
IPCC estimate that 40-70 per cent of the observed climate warming of the last decades is caused by 
the sun [97, 105-112] (see Chapter 6). The IPCC’s apportionment of blame for long-term warming 
solely to C0 2 and other anthropogenic greenhouse gases appears highly improbable. So it is 
reassuring when one reads in a new work by the IPCC author Stefan Rahmstorf that increased solar 
activity and atmospheric C0 2 together contributed to the 1910-40 warming episode [59]. 


The sun comes under attack 

The coupling of temperature development to solar activity has been impressively shown in numerous 
studies examining the last 10,000 years (see Chapter 3). So what arguments do critics use to prove the 
ineffectiveness of our mother star on climate? Criticism focuses on irradiative development over the 
last 50 years. During solar cycle 19 in around 1960, solar activity accelerated to its highest level in 
the 400-year long measurement data series, a record that has not been exceeded. If the sun is really so 
influential, then one would expect that the temperature around 1960 would have reached a high point 
(Figure 4.8). But because we know this did not happen, some believe we can now safely cancel the sun 
from the climate equation beginning in the second half of the twentieth century [75]. It sounds entirely 
plausible at first, but it’s false. The climate system isn’t that simple. Let’s take a look at how things are 
really interrelated. 
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Figure 4.8 Sunspot development [113] and global temperature (GISS data set) [114] over the last 130 years. 

Here we have to take a few steps back and start the story in the year 1940, when a 30-year warming 
had just ended. Solar activity, on the other hand, continued its rise unperturbed from 1940 (solar cycle 
17) to the record year of 1960 (solar cycle 19). But we also know that the 1940-77 cooling phase was 
triggered by the cold phase of the PDO. Obviously, the PDO had the upper hand here and more than 
offset the warming effect of the strengthening sun. Even so, the record cycle 19 left its mark. If you 
take a closer look at the temperature curve, you’ll notice there is a small 7-year warming peak of 
about 0.1° C around 1960 (Figure 4.3). This surely would have continued had solar cycle 20 not 
dropped so dramatically near 1970, when sunspots fell by half (Figure 4.8). The warming by solar 


cycle 19 was simply too short for the sluggish climate system to react sufficiently. 

One can compare this to a pan of water on a stove. If at the start the stove is turned up to high 
(strong cycle 19), the water needs a few minutes to reach an equilibrium temperature with the stove. 
If, however, the stove is turned down before this equilibrium temperature is reached (weak cycle 20), 
then the water temperature will prompdy decrease. If the stove is again turned up (strong cycles 21 
and 22) but not as hot as at the very beginning (in cycle 19), then the temperature of the water in the 
pan will resume its increase until the equilibrium temperature is reached. This new equilibrium 
temperature may now even be higher than the water temperature during the hotter but shorter stove 
start phase (cycle 19) because the time was too short for the equilibrium temperature to be reached 
during the first heating phase. The positive PDO phase during cycles 21-22 certainly helped, as it 
further boosted the temperature increase (Figure 4.9). As is the case with a kettle, a flame that is 
consistendy high for a longer time can cause the temperature to rise [115]. Over the course of strong 
cycles 21 and 22, the equilibrium state was finally reached. Then weaker cycle 23, in conjunction with 
the falling of the PDO, initiated the end of the warming period in the year 2000 (Figures 4.8 and 4.9). 

It is the thermal inertia of the oceans and their deep circulation that result in the system not 
reacting immediately and completely as the temperature changes in response to the external climate 
impulses. This Tong pipeline’ can lead to time lags of several years or even decades [20, 116]. A 
good example comes from Siberia. The temperature development for the last 700 years, 
reconstructed from an ice core, is closely coupled to solar activity [117]. However, at times the 
temperature reacted to the solar periods with a time delay of 10-30 years. Similar delays are shown in 
other studies [118-120]. 

But if climate data sets in certain cases do not oscillate synchronously, it does not necessarily 
mean that the processes are unrelated. Here the time for establishing equilibriums, time delays and 
superimposition by other climate factors can play a crucial role. When considering the temperature 
course over hundreds of thousands of years these short-term delays can be ignored more than when 
shorter time frames measured in decades are considered. Such a differentiated approach is necessary, 
especially for the development of temperature and solar activity over the last 70 years, but 
unfortunately this was not always done. Moreover, the sun’s impact is not of equal strength at every 
location, owing to the solar amplification processes (see Chapter 6). In addition, there are seasonal 
fluctuations. In Europe it appears that it is mainly winter temperatures that react to solar activity 
fluctuations [68]. 
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Figure 4.9 Warming and cooling episodes of the last 130 years occurred during times of positive or negative PDO phases [114, 
121 ]. 


In the past some authors tried to base the sun’s climatic ineffectiveness on missing correlations 
during the past decades [75, 122]. However, this simplistic claim, as we have seen, does not go far 
enough and is inadequate when dealing with the climate system’s complexity. We have to come to 
terms with reality: the sun’s impact on our climate today works in the same way it has over the last 
10,000 years. Why should there have been an exception over the last 50 years, or be one in the future? 

Is it warming or not? A question of perspective 

There has been no notable global temperature increase since the year 2000 (Figure 1.2). The 
temperature plateau, which is now over a decade long, marks the end of the warming of the current 
60-year PDO-related cycle (Figure 4.9). Does this mean global warming has come to an end? The 
answer depends on how the question is framed and which perspective is chosen. Within the 60-year 
cycle, the warming has certainly stopped. But over the longer term we know that the cycles of the last 
200 years are like staircases, where every subsequent cycle starts at a higher temperature level. We 
can illustrate the long-term temperature increase if we connect the zero points of the last 60-year 
cycles (Figure 4.7). Short cooling phases (e.g. 1880-1910, 1945-75) are natural parts of the cyclic 
pattern. Furthermore, the absence of warming since 2000 fits well into the picture. One could really 
conclude that long-term warming is still with us. 

However, that the zero point of the next 60-year cycle will tend to be lower and that the long-term 
temperature trend is heading downwards over the next few decades is often missed. This is due to the 
extraordinarily high solar activity of the last decades [123], indicating that the peak of the 1000-year 
Eddy cycle has been reached and hence solar activity will not rise further. In addition, the fall of the 
210-year Suess/de Vries and the 87-year Gleissberg cycles have already made impressive starts. And 
because the PDO too has passed its high point and is now on its downward side, thus adding a strong 
natural cooling component, rising C0 2 will not be able to offset in full the cooling over the next 
decades. Therefore a net cooling is anticipated (Figure 4.7; see Chapter 7). The last warming phase 
ended at the start of the millennium over 10 years ago. For the next few decades the earth will switch 
to mild cooling mode. Another oceanic internal 60-year cycle, the Adantic Multidecadal Oscillation 
(AMO), will add to this development (see Chapter 7). 

The climate of the last thousand years 

As we have seen (Chapter 3), the 1000-year Eddy cycle has dominated the climate over the postglacial 
period (Holocene). It therefore makes sense to look beyond the horizon and examine our temperature 
history of the last one and a half centuries within a longer-term context. We have discussed the 
fundamental climate pattern of the last millennium in Chapter 3. A thousand years ago the Medieval 
Warm Period governed the earth, a time when temperatures were similar to those of today [22, 
124-132]. A few centuries later the transition to the Little Ice Age was made and delivered the biting 
cold of the middle of the last millennium [133-142]. The transition phase between the two climate 
extremes lasted centuries. Globally, temperatures fell on average 0.8-1.0 0 C [22-23, 124-125, 
143-144] and in some regions up to 2° C [145]. 

The fundamental scheme of this climate development had been known for some time [146-147] 
and was illustrated in the IPCC’s First Assessment Report (FAR) of 1990 (Figure 4.10). Recent 
research confirms the characteristic temperature course depicting the Medieval Warm Period, Little 
Ice Age and the Modern Warm Period [22, 124-125]. However, after 1990 climate science proceeded 
down some false paths, going through one of its famous knowledge circles, only to wind up at its 
starting point of two decades earlier. 

How could this loop back to 1990 have occurred? What had happened? A few climate scientists 


simply thought that the temperature dynamic of the last thousand years simply did not fit well with the 
IPCC’s core message. The problem they saw was this: How could the temperature increase of the last 
150 years be a dangerous product of rising C0 2 if a similar warm period had existed 1000 years 
earlier, long before atmospheric C0 2 concentrations shot up? Something didn’t fit (Figure 4.10). 
Since C0 2 was the climate darling nobody wanted to abandon, and thus was not open to question, 
some fudging had to be done elsewhere. Scientists, therefore, turned their focus on revising the 
temperature history. Unless something there was engineered, nobody looking at the 1990 chart was 
going to take global warming seriously. 

To the rescue came Michael Mann, who was fresh with a PhD and eager to make a rapid ascent of 
the academic ladder. During 1998 and 1999, working with two colleagues, he published a new 
temperature reconstruction of the Northern Hemisphere that included neither the Medieval Warm 
Period nor the Litde Ice Age [151-152] (Figure 4.10). The curve resembled a hockey stick where the 
first 850 years were allegedly more or less climatically eventless and thus formed the handle of the 
stick, while the last 150 years had a rapid jump that formed the blade. The new reconstruction struck 
like a rapier. The chart was eagerly taken up by the IPCC and was promoted as one of the main 
features of its Third Assessment Report (TAR) in 2001. Mann was rewarded handsomely for his 
work. At a young age he was prompdy appointed as an IPCC lead author on the chapter for climate 
variability. The hockey stick success story peaked when it featured prominendy in A1 Gore’s 
blockbuster, An Inconvenient Truth (see Chapter 7). 
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Figure 4.10 Science history of the development of temperature reconstructions for the last thousand years. In IPCC’s First 
Assessment Report (1990), the Medieval Warm Period around the year AD 1000 was clearly shown [148], In its Third 
Assessment Report (2001) the Medieval Warm Period disappeared completely because of a faulty statistical process and 


flawed data (the so-called hockey stick chart) [149], Then in 2005 the Medieval Warm Period was ‘rediscovered’ and 
reappeared [22-23, 150], 

The Medieval Warm Period: supposedly just an insignificant local event 

Mann, of course, had been aware of the reports of low ice levels in the Arctic, which during medieval 
period made settlement of Greenland possible [66, 134-135, 153] and he also knew of the Thames 
freezing for weeks at a time during the bitter cold winters of the Little Ice Age. Even so, he went 
ahead and drew a more or less straight temperature line through the climatically turbulent past 
millennium, using a ingenious explanation to justify it: the observed climatic development of the 
north Atlantic region was only a local phenomenon and was not representative of the rest of the 
globe. There had never really been a Medieval Warm Period or a Little Ice Age elsewhere on the 
globe. 

And the world believed him. He was the expert, after all. For a while everything went well - until 
opposition began to mount. Some specialists started checking the temperature history beyond the 
north Adantic region for the last 1000 years. They steadily introduced data from all seven continents 
and in most cases their temperature curves depicted strange humps: one positive hump 1000 years ago 
and another negative hump 500 years later. They produced what was thought to be impossible, 
documenting the Medieval Warm Period and Little Ice Age, not only in the north Atlantic, but also in 
Africa [154-155], Antarctica [156-161], Asia [162-173], Oceania [174-175], North America 
[176-177] and South America [178-182]. The volume of data available today is overwhelming. 
Nevertheless, still acting as if nothing was wrong, scientists close to the IPCC, among them Stefan 
Rahmstorf (Potsdam) and Gerald Haug (Zurich), continue using the discredited argument and insist 
that the prominent climate peaks of the past were only a ‘local phenomenon’. 

Climate audit breaks the hockey stick 

It took more than four years before serious resistance coalesced against Mann’s hockey stick. This 
included an American group led by Willie Soon, who pointed out that the Medieval Warm Period and 
Little Ice Age were global [183-184]. Hans von Storch of the Helmholtz Centre too was not 
convinced by the hockey stick and calculated much stronger temperature variations for Mann’s 
hockey stick handle [185]. But in the end it took semi-retired mining specialist Stephen McIntyre of 
Toronto to undertake the painstaking audit needed to see through the hockey stick’s dark secrets. Not 
surprisingly, Mann and his colleagues were unwilling to disclose their data. Undeterred, McIntyre 
teamed up with economics professor Ross McKitrick and carried on. Eventually, after considerable 
effort, their determination paid off. The fascinating story of their journey through the hockey stick 
quagmire is told by A. W. Montford in his 2010 thriller, The Hockey Stick Illusion [186]. 

McIntyre and McKitrick were able to show that the statistical methodology Mann used was 
fundamentally flawed and tended to produce a hockey stick curve even when fed random data [187]. 
Using the R 2 test the Mannian temperature graph failed. It was not until 2011 that statisticians took up 
the challenge and corrected the errors in the statistical process [188-189]. Now an easily recognizable 
warm hump and a cold trough appeared from Mann’s data set, namely, the Medieval Warm Period and 
the Little Ice Age. 

In addition to mathematical and methodological errors, Mann and his colleagues committed a 
number of blunders when compiling their climate data sets. A large part of the input data originated 
from tree ring values, which are not ideal temperature proxies. 8 Tree growth reacts to a number of 
non-temperature influences, such as precipitation changes and insect infestation. Furthermore, in the 
late twentieth century some trees grew more rapidly because of the higher atmospheric C0 2 


concentration, which is a temperature-independent C0 2 fertilization effect. At times Mann and his 
colleagues simply ignored tree ring data after the 1960s because the trend these data delivered 
deviated from the measurements taken by thermometer and at times even showed cooling (the so- 
called divergence problem). Moreover, tree rings often do not indicate winter temperatures reliably 
because trees for the most part are dormant during the winter. Interestingly, temperature 
reconstructions based on cave dripstones for the last 1000 years produce temperature fluctuations that 
are almost an order of magnitude greater than those of tree rings. According to the palaeo- 
climatologist Augusto Mangini of Heidelberg, this is because climate variability in the Northern 
Hemisphere occurs mosdy and most distincdy in the winter, when trees are dormant [190]. 

There are more problems with Mann’s data. Particularly with the oldest part of the hockey stick 
handle, the data are poor and the geographic distribution of the measured data is questionable. To 
some extent the data were simply extrapolated (Gaspe data) and at times they were false. Even 
obsolete data were used (Twisted Hill and Heartrot Hill data). Part of the error was later admitted, but 
they insisted that it had little effect on the overall curve. The supposedly 'independent’ confirmation 
of the methodology and curves from Mann and his colleagues provided by Eugene Wahl and Caspar 
Ammann [191] from the year 2007 also has to be viewed critically. Amman was a former 
postgraduate of Ray Bradley, co-author of both the 1998 and 1999 hockey stick papers. 

Finally, in 2008, Mann and his colleagues published a reworked version of their much criticized 
temperature curve [150]. In this one the Medieval Warm Period and the Little Ice Age were restored, 
although they were still somewhat subdued (Figure 4.10). The latter probably had something to do 
with the fact that although Mann used fewer tree ring data this time, he still worked with bristle cones 
whose strong growth over the last decades has much to do with C0 2 fertilization [187, 192]. In 
addition, temperature proxy data taken from a Finnish lake were incorrecdy interpreted and found 
their way into the successor reconstruction [186]. 

So how did this small group of scientists manage to mislead the world for so long and so 
consistendy? Clearing this up and looking into the exact background of the hockey stick episode is a 
task for future science historians. In any case, George Orwell’s 1984 certainly should be among the 
source materials for such a study. Falsifying historical facts to ensure they always accommodated the 
current ideology of the state was one of the primary responsibilities of historians in the fictional state 
of 1984. Orwell’s Ministry of Truth provided the memorable slogan: Who controls the past controls 
the future. Who controls the present controls the past. 

The last mil lion years: a time of real climate catastrophes 

The Medieval Warm Period and Little Ice Age are part of a cyclical climate dynamic with a millennial 
scale period. The climate forcing here stems from the sun and its fluctuations in activity, especially 
the 1000-year Eddy cycle and the 2300-year Hallstatt cycle. In Chapter 3 we examined case studies 
from various regions which impressively demonstrate the close relationship between the sun and the 
postglacial climate. 

In addition to the important millennial cycles, there is yet another phenomenon of the postglacial 
period that is scarcely known to the public despite all the spectacular reports on the warming of the 
last 150 years. It may be hard to believe, but there was actually a phase during the past 10,000 years 
when temperatures over long periods and in many regions were higher than they are today. The 
warmest phase of the post-ice age occurred 4000-8000 years ago and is known as the Holocene 
Climate Optimum or the Atlantic Period [193-195] (Figure 4.11). Who would have guessed that the 
Alps at this time, except for a few small parts, were mosdy ice free? [196]. Even the Antarctic 
peninsula experienced an early Holocene warm period. Unexpected but true: from about 2500-9200 


years ago temperatures there were similar to current levels [197]. 

The largest desert in the world turned into a fertile savannah during the Holocene Climate 
Optimum. The Green Sahara was peppered with large lakes and populated by elephants, giraffes, 
hippopotamuses and crocodiles [198-200]. Due to this climate warming, the Sahel Zone and its 
summer rains shifted north and generously watered the Sahara. Vast quantities of water steadily 
seeped deep into the ground and today act as important fossil groundwater reserves, thus securing the 
water supply for vast regions of North Africa. Because these water reserves are not being 
replenished, it is foreseeable that they will eventually run dry. The causes of this postglacial climate 
optimum are suspected to be, for the most part, the Milankovitch earth orbital parameters (see 
Chapter 3). Because of geometric orbital relations, 5 per cent more solar radiation reached the earth 
during the summers then [200-201]. 

As we have seen, Milankovitch cycles are also thought to be responsible for the change between 
glacial phases (ice ages) and warm phases (inter glacials). With impressive regularity, kilometre-thick 
sheets of ice ploughed their way across northern Europe and North America every 100,000 years. But 
once the massive ice sheets had melted, the environmental action did not quieten down at all. First, the 
sea level rose a massive 50-100 metres and thus submerged coastal areas, which had expanded during 
the preceding ice age. The average temperatures rose by about 5° C within only a few thousand years. 
Atmospheric C0 2 concentrations simultaneously increased, along with the global temperature. At 
first glance it may look as if temperatures and C0 2 moved in step whenever an ice age period 
changed to an interglacial (Figure 4.12). Naturally A1 Gore eagerly exploited this in An Inconvenient 
Truth, using this alleged synchronicity as his star witness to prove the enormous climate potency of 
C0 2 . At first it appears to make sense. However, Gore neglected to tell us one small detail. If you 
home in on the data set, you will see that the temperature curve has a head start on the C0 2 changes of 
up to 800 years [203-205] (Figure 4.13). On shorter timescales too, C0 2 always appears to follow 
temperature change [206]. 



Figure 4.11 Climate history since the end of the ice age 10,000 years ago. The warmest phase of this period occurred 4000- 
8000 years ago and is also called Holocene Climate Optimum [202], 
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Figure 4.12 Reconstruction of temperature and atmospheric C0 2 concentrations over the last 600,000 years using the 
Antarctic Vostok ice core. In the transition from glacial to interglacial phases the temperature increased each time. As gas was 
released from the warmed ocean water, the C0 2 concentration increased. Source: AR4 [149], 
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Figure 4.13 The temperature has on average an 800-year head start on C0 2 and so must be the trigger and not a consequence 
of C0 2 change [203], 

Now who would have expected the temperature to conform to C0 2 in advance!? That would be 
real potency. Something here seems decidedly odd, and indeed something is. It is generally 
acknowledged that the C0 2 rise during the transition from an ice age to an interglacial is the 
consequence and not the trigger of the warming because less C0 2 dissolves in warm water. So as the 
oceans warm at the start of a warm interglacial, C0 2 simply bubbles out of the sea and into the 
atmosphere [20] and when it becomes colder at the start of an ice age, surplus C0 2 dissolves into the 
seawater and leads to a drop in atmospheric C0 2 concentration. With this sleight of hand Gore 
succeeded in fooling most of his audience, including the Nobel Prize committee. 

A fossil precedent? 

The climate sensitivity of C0 2 is very loosely defined by the IPCC, and so, according to its models, 
the consequences of the current C0 2 increase range from moderate to catastrophic. Everything and 
nothing is possible. Here it is advisable to search for comparable cases in the earth’s long history, for 
precedents where the earth once warmed up abrupdy after a gigantic injection of C0 2 into the 


atmosphere. Recently it was thought that such an event had been found and could serve as an analogue 
for today. An abrupt temperature increase occurred 55.5 million years ago at the boundary of the 
Paleocene-Eocene epochs - the so-called Paleocene-Eocene Thermal Maximum Event (PETM) [207]. 
Within just a few thousand years the global surface temperatures rose 5-9° C [208]. What triggered 
this? Is this geological climate catastrophe due solely to C0 2 as some claim? [209]. 

C0 2 must have played some role during the PETM, as it is assumed that a huge reserve of gas 
hydrates beneath the seabed destabilized and released massive quantities of methane, which then 
quickly oxidized to C0 2 [210-211]. The collapse of the gas reserve could have been caused by 
volcanic heating, a giant landslide or a massive meteor strike. The resulting C0 2 increase in the 
atmosphere has similarities in scale and course to what we are experiencing today [207, 209]. So is 
the PETM really comparable to today’s situation? Unfortunately, it is not that simple. 

During the PETM, the concentration of C0 2 increased a mere 70 per cent, from 1000 ppm to 1700 
ppm [208]. Using the IPCC’s own climate sensitivity calculation, only 1-3.5° C of the 5-9° C of 
PETM temperature increase can be explained by C0 2 [208]. The biggest part of the PETM increase 
had to have been caused by something other than C0 2 in the atmosphere [162, 208, 212]. Until this 
unknown is resolved and the reason for the abrupt warming is found, the millions of years old PETM 
cannot help us with our current climate questions and will remain an unsolved riddle. 

Explaining the PETM mechanism and the role of C0 2 is made even more difficult because of 
another strange observation. In some PETM studies the C0 2 rise appears to lag behind the warming 
(e.g. the Bass River/New Jersey and Ocean Drilling Program Site 690) [213-214]. If this is true, how 
could C0 2 trigger the warming? 

It is noteworthy that C0 2 and temperature were generally not coupled over the past 500 million 
years. New case studies confirm that the concept of a potent C0 2 climate driver has to be seriously 
questioned. A recent study looking at the climate in the northern Pacific 10 million years ago found 
that sea surface temperatures were 5-8° C warmer than today while the C0 2 concentration was lower 
[215]. 

The temperature involves many factors 

As we have seen, the temperature history of the last thousand years involves a number of climate 
factors. The sun, volcanoes and long and short climate internal oscillations have been there from the 
beginning. Manmade C0 2 emissions, on the other hand, first began to get in on the climate action 
about 200 years ago, first only at low levels, and then taking off during the twentieth century. A solo 
role by C0 2 , as the IPCC posits, has never been the case. Without a doubt it has played a relevant role 
in climate warming over the last 150 years, but it has shared the lead role with the very active sun. 
Today there is evidence indicating C0 2 has even been the junior partner in the warming process. 

Other climate players are responsible for the smaller-scale changes within the longer-term 
temperature increase. Internal climate oscillations in the oceans put the temperature curves into 
oscillating motion of various durations. Volcanoes add short-term cooling accents. Also sulphur 
dioxide emitted from smokestacks adds to cooling, even if the magnitude is poorly known (see 
Chapter 5). The same is true for soot, which in turn has a warming effect that is not to be 
underestimated (see Chapter 5). 

Current research shows that the climate equation is far more complicated than what was assumed a 
few years ago. As the IPCC managed to ignore quite a number of important climate factors in its 2007 
climate modelling, Chapter 5 takes a closer look at the approach taken by the IPCC and critically 


examines its last report. 
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Several studies have highlighted that a distinct 50-70-year oscillation characterizes numerous 
climatic records referring to the last 10,000 years as well as during recent centuries [1-9]. These 
examples [3] include ice core and pine tree samples from several regions, sardine and anchovy 
sediment core samples, global surface temperature records, fishing catch records and in an 
atmospheric circulation index, length of the day index [4]. A dominant 60-year periodicity is found in 
oceanic Atlantic Multidecadal Oscillation (AMO) indexes throughout the last 8000 years [1], as well 
as in the GISP2 ice core records [5] and in instrumental temperature reconstructions since 1500 
covering the European Mediterranean Basin (Spain, France and Italy) [6]. A ~60-year periodicity is 
found in secular monsoon rainfall records from India, the Arabian Sea sediments and east China [7]. 
A 60-year oscillation is found in ocean and land surface temperature records of both hemispheres [2], 
and not only in AMO indexes such as reflected by the abundance variations of marine protozoa in the 
Caribbean Cariaco Basin [8], but also in Pacific Decadal Oscillation (PDO) indexes to the west [8]. A 
significant 60-year oscillation is found in a reconstruction of global sea level since 1700 calculated 
from tide gauge records [9]. Since 1850 a quasi-60-year oscillation in numerous instrumental global 
surface temperature records is extremely clear, where the cyclical matching between the periods 
1880-1940 and 1940-2000 is evident [2]. 

This quasi-60-year oscillation may have a solar origin because researchers found 60-62 year 
cycles in cosmogenic nuclide records in the north-east Pacific region which are clearly related to 
solar-controlled cosmic ray variations [10]. A similar ~60-year cyclicity was observed by scientists in 
numerous other solar-related historical and geological data sets [11-13]. Together with my co-author 
Adriano Mazzarella from the University of Naples I was recendy able to confirm that a quasi-60-year 
oscillation also characterizes the North Atlantic Oscillation (NAO) record which has been obtained 
using the historical instrumental records available for Europe since 1700 [14]. This NAO oscillation 
correlates very well with the global sea surface temperature records since 1850 and with the 60-year 
cycle observed in the historical middle latitude aurora records and the daily rotation rate of the earth 
since 1700. These results clearly suggest that a quasi-60-year oscillation exists in the climate system 
and, very likely, is astronomically induced. 

The 60-year cycle is probably one of several solar activity cycles [11-14] which may be triggered 
by astronomical mechanisms. One of these mechanisms may be the tidal forces of the two largest 
planets of our solar system, the gas giants Jupiter and Saturn [2]. Jupiter takes about 12 years to orbit 
the sun while it takes Saturn about 30 years. This means that every 20 years or so the two planets meet 
and align with the sun. During such an alignment, the planets pull most strongly at the sun, while this 
force weakens as Jupiter and Saturn transit into different parts of the solar system. After three of these 
so-called conjunctions, that is about 60 years, the Jupiter-Saturn conjunctions occur approximately in 



the same constellation. This is important, because their orbits are not exactly circular. Therefore, 
every 60 years there will be a conjunction where the two planets come closer to the sun than during 
the previous two events. It can be shown that the 60-year gravitational cycle peaked during 1880-1, 
1940-1 and 2000-1, as did the global surface temperature [2]. Thus, a quasi-60-year cycle could have 
an astronomical physical origin, being associated with the wobbling of the sun and to the combined 
tidal effects of Jupiter and Saturn. Other tidal effects originating from the gravitation of the moon and 
the sun are powerful processes on the earth which move the sea level up and down across the world’s 
oceans twice a day. 

The exact physical link mechanisms explaining how the solar system oscillations induced by the 
planets may cause a 60-year cycle in the climate system of the earth are still uncertain. However, it is 
possible that such gravitational oscillations produce equivalent oscillations in the solar interior where 
an amplifier for the planetary gravitational signal through powerful nuclear feedback mechanisms 
may occur [15]. Then, these oscillations could be forced in the climate through the cloud system by 
means of a solar modulation of the incoming cosmic ray flux [16-18] (see Chapter 6). 

A 60-year natural cycle would have important implications for correctly interpreting climate 
change. In fact, the 60-year climate cycle was in its warm phase from about 1970 to 2000 and, in 
conjunction with a 20-year climate cycle, has very likely induced about 0.3° C (or 60 per cent) of the 
0.5° C warming observed since 1970 [2, 19]. Moreover, because the 60-year cycle entered its cooling 
phase around 2000, it can easily explain the lack of warming observed since 2001, which may last 
until about 2030-40 [2, 19]. 

In fact, the IPCC [20] has claimed that the ~0.5° C warming observed from 1970 to 2000 has been 
induced by anthropogenic forcing alone because natural forcing on its own (solar plus volcano 
debris) should have caused a cooling of about 0.1-0.2 0 C during the same 30-year interval (Figure 
5.5) [20]. The IPCC’s results imply that the anthropogenic forcing from 1970 to 2000 has contributed 
a net warming of the observed 0.5° C plus at most another 0.2° C which have offset the alleged natural 
cooling, which could be as large as 0.2° C. The ~0.7° C warming in his period would correspond to a 
warming rate of about 2.3° C a century since 1970. This anthropogenic warming rate was projected 
by the IPCC to continue on average from 2000 to 2050. This conclusion, however, is based on 
theoretical computer modelling which is characterized by huge uncertainties. For example, and as the 
IPCC acknowledges, the equilibrium climate sensitivity to C0 2 doubling varies between 1 and 10° C, 
with a central estimate of 1.5-4.5 0 C and an average of about 3° C [20]. 

On the other hand, if ~0.3° C (60 per cent) of the warming from 1970 to 2000 has been naturally 
induced by the 60-year cycle during its warming phase, only about 0.2° C (up to a possible maximum 
of 0.4° C) [21] warming from 1970 to 2000 could have been manmade, not 0.7° C as implied in the 
IPCC calculations. Thus, the IPCC has used climate models that, by not reproducing the 60-year 
climate cycle, have almost certainly overestimated the anthropogenic contribution (due mostly to 
greenhouse gases plus aerosol forcings) to climate change by a factor 2-4. The warming trend for 
the period 2000-50 implicit in the projections should consequendy also be reduced from ~2.3 ± 0.3° 
C per century to a value in the range 0.5-13° C a century [21], which would also imply a lower 
climate sensitivity of a doubling of C0 2 of about 1° C or less. This same result has also been obtained 
by using alternative methods of data analysis [8, 22-23] where the climate sensitivity for a doubling 
of C0 2 is estimated to be in the range of 0.5-13° C. These results clearly imply that the current 
climate models used by the IPCC to support the anthropogenic climate warming theory are seriously 
exaggerating climate sensitivity to C0 2 changes. 

Figure 4.A.1 shows a reconstruction of the global surface temperature [24] by using a model that I 
developed based on the twenty- and 60-year cycles plus. For the period 1850-2000 the upward trend 


can be related to both secular/millennial natural solar cycles and manmade forcings [25-26], while 
since 2000 the upward trend in the figure is related only to a corrected anthropogenic projected 
warming as explained above [21]. Not included is a possible additional secular cooling trend effect 
caused by the forecast secular and millennial decline in solar activity in the coming few decades (see 
Chapter 7). The model depicted in the figure reconstructs the alternating warming-cooling 30-year 
patterns from 1850 to 2000 very well, and also predicts the slight cooling or the temperature plateau 
observed since 2000 much more convincingly than using climate models opportunely calibrated [27] 
to explain such cooling with anthropogenic greenhouse gas and aerosol-projected forcings. In fact, 
the climate sensitivity to these forcings is characterized by extremely large uncertainties and it would 
be relatively easy to take advantage of such uncertainties to calibrate a computer model to reproduce 
a climate trending for a restricted number of years. According to my proposed model, the global 
temperature will not increase significantly - indeed, it may even cool until 2030-40 - while the IPCC 
projections have claimed, on average, a warming of about 1.15° C above the 2000 temperature by 
2050. 

This theory appears further confirmed in my two latest publications [19, 21]. In the first paper [19] 
I show that the observed decadal and multi-decadal climatic cycles are linked to astronomical forcing 
which should cause albedo oscillations by modulating the cloud cover through electrical/magnetic 
forcings of the heliosphere and of the terrestrial magnetosphere, as revealed by the oscillations 
observed in the mid latitude aurora records. In the other [21] I show that all climate models used by 
the IPCC in 2007 fail to reproduce the decadal and multi-decadal cycles observed in the climate 
system while a harmonic model based on the astronomical cycles, depicted here in Figure 4.A.1, is 
able to reconstruct and forecast those oscillations. 
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Figure 4.A.1 The Scafetta model [2] (black solid line) based on only the 20-year plus 60-year cycles plus the upward trend, 
against the global surface temperature (red) [24] and the IPCC [20] average manmade warming projection for the period 2000- 
2100 (green) of -2.3 ± 0.3° C a century, which has been already disproved by the slight global temperature cooling observed 
since 2001. The blue curve depicts the projection for 2000-2100 taking into account the 60-year cyclicity plus the corrected 
manmade warming trend during the same period of 0.5-1. 3° C a century, as explained in the text. Not included is a possible 
additional secular cooling trending effect caused by the forecast secular and millennial decline in solar activity which may begin 
in the coming few decades. The dashed curve shows the 20-year plus 60-year modulation of the temperature without the 
upward trend. The insert zooms in on 1995-2030 and uses an optimized harmonic model based on four astronomical cycles 
(9.1-year, 10.4-year, 20-year and 60-year) plus the corrected anthropogenic projected trend since 2000 as above [21], 
Additional natural cycles longer than the 60-year period cycle are ignored in the 2000-2100 forecast. 
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5. Has the IPCC really done its homework? 


Global warming is a late discovery of the twentieth century, with the first signs of increasing global 
temperatures appearing in the 1980s. Yet it was just a few years earlier that public opinion had been 
exercised by global cooling. In its August 1974 issue, the German flagship news magazine Der 
Spiegel carried the headline: ‘Is A New Ice Age Coming?’ [1]. Time magazine in 1974 (‘Another Ice 
Age?’) and Newsweek in 1975 (‘The Cooling World’) featured similar global cooling stories at that 
time. Der Spiegel wrote: 

At the latest since 1960 meteorologists and climate scientists have been increasingly convinced 
that something is amiss within the complex system of global weather. The terrestrial climate, 
they think, is on the verge of changing ... At first the data showed an advancing cooling of the 
north Atlantic. Over the last 20 years the sea temperature there has dropped from an annual 
average of 12° C to 11.5° C. Since then, the icebergs have been drifting further south, as in the 
winter of 1972/73 when they were located at latitudes as far south as Lisbon - more than 400 
kilometres further than in previous winters. 

Editors at Der Spiegel were already looking back nostalgically to pleasanter, warmer times: ‘There 
was a prolonged period of weather comparable to the first half of the twentieth century in around the 
years AD 1080 to 1200, when vineyards were cultivated throughout England. On Greenland, where 
parts of it were green and the Vikings established colonies, vegetation thrived’ [1]. The article 
examined the topic in greater depth and reported that a drop in solar irradiance of 1 per cent or an 
increase in the average population would trigger a new ice age, while scientists such the American 
biologist Paul Ehrlich were quoted as saying that they saw no hope for a third of the population 
currently living in high rainfall regions because of drought and crop failure [1]. 

Just 12 years later, on 11 August 1986, Der Spiegel shocked its readers with its front cover 
depicting the landmark Cologne Cathedral half-submerged in seawater and accompanied by the 
headline: ‘DIE KLIMA-KATASTROPHE’ (The climate catastrophe) [2]. James E. Hansen of NASA’s 
Goddard Space Flight Center was reported as saying, ‘In the early 21st century, global temperature 
will be higher than at any time in the last 100,000 years.’ Der Spiegel based its article on information 
from the German Energy Working Group of the Deutsche Physikalische Gesellschaft (German 
Physical Society), which claimed that unless emissions of the thermal insulating trace gases were 
reduced drastically and immediately, grave climate change with disastrous consequences for 
humanity would occur within two decades. 

The IPCC takes the stage 

Indeed, after a cooling of a few tenths of a degree Celsius between 1940 and 1975, the earth’s 
temperature had risen slighdy (Figure 4.3). This was reason enough for the United Nations to 
establish the Intergovernmental Panel on Climate Change (IPCC) in November 1988. The remit of the 
IPCC was to assess the risks of global warming and to draw up mitigation and adaptation strategies. It 
expressly would not carry out any of its own studies, but would compile existing data. 

The IPCC’s First Assessment Report (FAR) was published in 1990 and served as the basis for the 
(non-binding) agreement for climate protection by 192 countries at the 1992 Rio conference, and was 
later signed as the Kyoto Protocol in 1997, before being implemented in 2005. The Kyoto Protocol 



obliged industrialized countries among the signatories to reduce greenhouse gas emissions by 5 per 
cent below their 1990 levels by 2012 [3]. Although the FAR concluded that it was impossible to 
determine that human activity was responsible for warming by the use of climate gases, it went on to 
predict that a warming of 0.3° C a decade would occur, and that in 2025 it would be 2° C warmer than 
in the pre-industrial age and 4° C warmer by 2100 [4]. As a result on average the sea level would rise 
630 mm. 

Even though the IPCC came to slighdy different results in its 1995 Second Assessment Report 
(SAR), the 2001 Third Assessment Report (TAR), the 2007 Fourth Assessment Report (AR4) and the 
draft of the 2013 Fifth Assessment Report (AR5), its basic statements are largely unchanged. In all 
four reports the IPCC first described the most important climatic changes (temperature, sea level, ice 
and snow cover) over the last 50-100 years. These data relied on multiple measurements (Figure 5.1). 

AR4 used data available up to 2005. And, contrary to their forecasts, none of the important climate 
trends have accelerated since then. The temperature has remained on a plateau, the sea level rise has 
remained constant and even appears to have slowed down, and combined Arctic and Antarctic sea ice 
melt has decelerated. Needless to say, this contradicts the IPCC’s apocalyptic worldview, which sees 
an acutely threatened planet that is on the brink of tipping over the edge. The basis for the IPCC’s 
well-known warning is the claim that the overwhelming share of the warming of the last 50 years can 
be attributed to manmade climate gases, with a more than 90 per cent certainty. And because the 
emissions of climate gases are rising, the danger continues to grow [5]. 

Compared to the 2001 TAR, the recorded linear temperature over the previous 100 years rose 
from 0.6° C to 0.74° C. This, however, is principally due to the chart’s starting point, which was five 
years later in the 2007 report. This may seem trivial at first glance, but it means part of a cooling 
phase that had taken place in the early twentieth century was no longer included in the data sets used 
by AR4, so thanks to this statistical sleight of hand the warming rate automatically rose. The 
unauthorized release of the AR5 draft shows continued temperature stagnation, a development that 
every climate model failed to predict. 
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Figure 5.1 Temperature, sea level rise and the retreat of snow and Ice cover over the last 150 years. Source: AR4. 



Carbon dioxide heats up 

There’s no doubt that the increase in climate gases has had a detectable impact on our climate. The 
atmospheric concentration of C0 2 increased by over 100 parts per million (ppm) over the last 250 
years, from 280 to 390 ppm today. The first 50 ppm was reached between 1760 and 1970, the second 
50 ppm had been added by 2005, a mere 30 years, and emissions continue unabated today. Every year 
more than 7 gigatonnes of carbon (about 26 billion tons of C02) are released into the atmosphere by 
burning fossil fuels, industrial processes like cement production and land use such as deforestation. 
That means a growth of 4 ppm per year, of which about 2 ppm remain in the atmosphere with the 
other half absorbed mainly by the oceans. Measurements taken on the Mauna Loa volcano, Hawaii 
since 1958 confirm the trend. Keep in mind that the temperature does not increase linearly with C0 2 
concentrations, but rather rises logarithmically. According to IPCC models the first 50 ppm (from 
280 to 330 ppm) added 0.23° C of warming, the second 50 ppm added 0.20° C, and the next will add 
about 0.17° C - that is without taking any possible amplification or suppression effects into account 
(more on this in Chapter 6). 

The climate mix according to the IPCC’s formula 

Before turning to the statements made by the IPCC, now is a good time to look at how the IPCC 
arrived at its conclusions. Scenarios for the future development of the world’s population, standard of 
living, consumption of fossil fuels and land use changes (e.g. deforestation) serve as its basis. This in 
turn yields emissions projections for each climate gas (e.g. C0 2 and methane), which can contribute 
to warming. Cooling effects are also taken into account. The greatest contributors here are aerosols, 
which are fine dust particles and droplets that reflect or diffuse sunlight and thus have a cooling 
effect. There are other parameters that have an impact on climate and also need to be taken into 
account, e.g. the reflection of sunlight by snow and ice (albedo) and clouds, as well as natural changes 
in solar irradiation as that too is not constant. 

Simulation models need not only the time and spatial development of climate gas concentrations 
as input parameters, but also their so-called radiative forcing. Radiative forcing is the climate gas’s 
ability to change the amount of energy absorbed by the surface of the earth and so cause warming or 
cooling. The ability of radiative forcing to weaken or strengthen incoming solar energy is expressed 
in watts per square metre (W/m 2 ) and is based on the difference between today’s effect and the effect 
it had at the beginning of the industrial era, which is set at 1750. The IPCC assumes that C0 2 has a 

positive radiative forcing of 1.66 W/m 2 (Figure 5.1). 

Other climate gases need to be taken into account, among them CH4. Methane is not only created 
when producing natural gas, but is also emitted by marshlands, rice cultivation and cattle. Methane 
concentrations in the atmosphere are much lower than C02. But because the greenhouse warming 
effect of a methane molecule is thirty times greater than a C0 2 molecule, the IPCC believes methane 
accounts for a third of global warming over the last 250 years (Figure 5.1). What few among the 
public are aware of, however, is that methane concentrations are no longer increasing but have 
remained flat since the year 2000. Noteworthy too is that CH4 stays in the atmosphere for a much 
shorter time than C02. It reacts with oxygen and transforms into C0 2 over an average period of 8 

years [6]. 

The halogen chlorofluorocarbons (CFCs), which are exclusively components of industrial 
refrigerants and insulation materials and were once used as a spray gas, are extremely potent 
greenhouse gases, their effect is 20,000 times higher than C02’s. The large CFC emissions of the 
twentieth century had a positive radiative forcing of 0.34 W/m2 (Figure 5.1). But CFC emissions were 


curbed by the Montreal Protocol which came into effect in 1987. A significant drop in the growth rate 
of atmospheric CFC concentration has occurred since the 1990s, if not even a drop in CFC 
concentration as such. Because halogen CFCs have a half-life of 50-100 years, their reduction is slow. 
The Montreal Protocol to protect the ozone layer was signed by 195 countries, and has had a greater 
effect on limiting anthropogenic greenhouse gases than the Kyoto Protocol [6]. Today nitrous oxide, 
which is a major by-product of agricultural fertilizers, is steadily becoming a more important 
greenhouse gas. 

In all four IPCC reports, the greatest uncertainty involves estimating the effects of aerosols, which 
are mainly dust particles that have the effect of cooling the earth because they reflect and refract 
sunlight. According to AR4, since 1750 aerosols have had a total radiative forcing of -1.2 W/m 2 . The 
range of uncertainty is in fact greater than the mean value itself (Figure 5.1). The total amount of the 
radiative forcing thus entails the same uncertainty. (We will take a closer look at aerosols later in this 
chapter.) 

It should be noted that the models the IPCC uses assume a very low radiative forcing for solar 
irradiation. Beginning in the eighteenth century until today, the effect of the sun on the climate, 
according to the IPCC, is limited to just 0.12 W/m 2 , and so has played a minimal role in the earth’s 
warming over the last 250 years. The draft AR5 appears to reduce even that negligible influence to 
0.04 W/m 2 . But is the climatic impact of the sun really as modest as the IPCC claims? The 
relationships presented in Chapter 3 gives rise to considerable doubt [7]. In this chapter we take a 
closer look from different perspectives and cast more light on this obvious disagreement. 

It’s simulation time: virtual climate worlds from computers 

Climate models are constructed at various institutes all over the world using input parameters such as 
those discussed above. A total of twenty-three models were used in AR4. Climate models embody 
physical descriptions of the energy processes in the atmosphere, hydrosphere with global water 
circulation and the oceans, land surface and the biosphere. The aim is to optimize the computation of 
the parameters using complex calculations, until the output agrees as closely as possible with the 
measured data of the last 100 years. 

We are talking about relatively small changes to parameters when compared to the total energy 
budget. The earth receives at least 342 W/m 2 from the sun on average at the top of its atmosphere. 9 
Part of the solar radiation is reflected by clouds and the earth’s surface, or is absorbed by the 
atmosphere. On the other hand, the earth emits 390 W/m 2 , which should lead to a negative energy 
budget. However, because of the natural greenhouse effect, caused principally by water vapour and 
greenhouse gases (C0 2 and methane), 324 W/m 2 are returned to the earth through infrared radiation. 
This results in an energy budget that leads to an average global temperature of about 14° C. Without 
water vapour and the greenhouse gases, the earth would have a temperature of -18° C and thus would 
be an uninhabitable ball of ice. Put another way, 95 per cent of the natural greenhouse effect comes 
from water vapour, 3.6 per cent from C0 2 and the rest from other greenhouse gases [8]. 
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Figure 5.2 The warming and cooling effects of various climate control factors according to AR4. Shown are the so-called 
radiative forcings that have occurred due to changes in each factor since 1750 converted into W/m 2 . Each conversion, 
however, entails many assumptions regarding climatic processes that are poorly understood, and so the real climate mix is 
likely to be very different. 

The danger of data distortion: poorly understood urban heat islands 

Before attempting to make forecasts using computer models, the models first have to be verified 
against the climate of the recent past, which we know has been well measured. The first temperatures 
were recorded in central England in 1659, and we have data for Berlin since 1701. By 1960 there were 
6000 measurement stations worldwide. While air temperature is measured on land, the water 
temperature is measured in the oceanic regions. During the twentieth century, ships were used for this 
purpose, using a bucket. Later, water was extracted by an intake. Today it is measured by buoys. 
Beginning in 1979 the first satellites began to record the temperature of the lower atmosphere. Their 
data are processed by two American institutes: the University of Alabama, Huntsville (UAH) and 
Remote Sensing Systems (RSS) in Santa Rosa, California. 

Interestingly, surface measurements over the last 30 years show temperatures that are one to 
several tenths of a degree Celsius higher than those recorded by satellite and ocean data (Figure 1.2). 
The lower ocean temperature was explained by claiming the temperature of the ocean changed more 
slowly compared to land temperatures due to the high degree of mixing and greater heat capacity. 
However, another possibly still underestimated phenomenon may have played a role here. Numerous 
scientific studies [9-10] show a huge distortion of temperatures measured by weather stations in 
urban locations because of heat from the surroundings. This phenomenon is known as the urban heat 
island effect (UHI). Because of the heat storage capacity of asphalt roads, car parks and nearby 
buildings, in combination with a lack of vegetation, urban areas are notably warmer than the 
surrounding rural regions (Figure 5.2). For example, in Los Angeles the high temperatures over the 
last century increased approximately 2.5° C and the low temperatures approximately 4° C. New York 
also has a night-time heat island effect of 4° C. If the asphalt surfaces and buildings in large cities 
were painted white, then the albedo (surface reflectivity) would be gready increased and heat storage 
would be lessened. In London, peak summer heat could be reduced by as much as 10° C [11-12]. 
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Figure 5.3 The urban heat island effect (UHI). Because of the lack of vegetation and the heat storage capability of large 
buildings and other infrastructure, urban areas are notably warmer than their surrounding rural areas [13], 

Weather stations that were originally located in rural areas and then later swallowed up by 
growing cities over the course of the last century have experienced a progressive warming. In 
addition to global warming, these stations experience an additional temperature increase because of 
UHI. In a study of eastern China, scientists discovered that about one quarter of the regional warming 
of recent decades can be attributed to UHI [14]. In Korea, more than half of the warming of the last 55 
years is attributed to UHI [15]. High UHI was found by other authors for the worldwide global 
warming of the last 150 years [16-19]. In western Europe the introduction of clean air policies has led 
to major improvements in air quality since the 1980s. Sulphur dioxide levels have declined markedly 
so that more sunlight now reaches the earth’s surface. Scientists assume that part of the warming from 
1977 to 2000 in western Europe can be attributed to this [20]. 

It is still unknown what role the heat generated by manmade energy production (waste heat 
production) [21] plays and whether UHI has any influence on the temperatures of rural surroundings 
[22]. Although the data from urban weather stations are an important basis for climate simulations, 
the IPCC discounts the importance of UHI and acknowledges a contribution in low single-digit 
percentage points only [6, 23]. 

There have also been misgivings over poorly sited measurement stations close to asphalt or 
concrete surfaces that could distort temperature statistics. As a result IPCC critic Anthony Watts, who 
runs the well-known climate-science website Watts up with That (wattsupwiththat.com), embarked on a 
comprehensive review of the American temperature stations network in 2007. Using 650 volunteers 
and the internet, 1007 of the 1221 stations were inspected according to strict guidelines over a period 
of two and half years. The result of the survey was sobering. Almost 90 per cent of the stations did not 
meet even the standard for minimum distance from heat sources such as asphalt surfaces [24]. Sixty- 
eight stations were sited at sewage treatment facilities and some stations sited at airports were 
intensely heated by the blast of jet engines and nearby asphalt and concrete surfaces (Figure 5.3). It is 
not known how much this has influenced the US temperature record [24-25]. 

The impact of closing the majority of weather stations worldwide at the start of the 1990s is also 
unknown. In 1990 there were 6000 weather stations worldwide; the current number is about 1500. It 
was precisely at this time that the statistical global temperature curve began to surge upwards [26]. 
Veteran meteorologists Joseph D’Aleo and Anthony Watts point out that a disproportionately large 
number of these decommissioned stations were located in rural areas, at higher elevations and at high 
northern latitudes - all stations that tended to record cold readings [16]. This is telling, to say the least. 


V** 



Figure 5.4 An unfavourably sited weather station at Ciampino Airport, the smaller of the two international airports in Rome. Jet 
engines and vast expanses of paved surfaces combine to warm up the temperature station. Source: Paolo Mezzasalma [27], 

Independent of UHI and all its statistical shortcomings, it is not disputed that a significant warming 
occurred between 1977 and 2000. This is confirmed by satellite data. In the end it merely boils down 
to the question of whether or not the surface temperatures are inflated by artefacts, and if so, by how 
much. In view of the doubt that surrounds surface measurements, it would be appropriate to base the 
climate models on satellite data instead. But the IPCC does not do that. So we have to continue feeding 
the models with these unsatisfactory data, which takes us to the next surprise. 

Our sun is climatically powerless and meaningless, says the IPCC 

Some may ask why the sun appears to play no role in the climate as a whole according to the IPCC. 
The sun is, after all, the main source of energy and common sense would tell us that even a slight 
fluctuation in solar activity would lead to significant climatic effects on earth. And haven’t geologists 
been able to show and document precisely that for the earth’s history (see Chapter 3)? That’s all very 
well, the IPCC replies. However, we have excellent climate models that can help us with this problem. 
So let’s take two calculation scenarios and see which one best models the real temperature over the 
last 100 years. On one side we have the classic IPCC model where C0 2 has a very powerful climate 
forcing effect and the sun is ignored. On the other we have a climate model that also takes natural 
factors into account, namely the sun and, periodically, volcanic ash. Let the contest begin. The 
computers chug along and calculate their way through reams of data. Eventually, they spew out their 
results. The winner is ... the IPCC model! Why? The 'natural’ model is unable to reproduce the 
warming since 1977, and simply meanders aimlessly on a plateau (Figure 5.5 top). The IPCC model, 
on the other hand, elegantly reproduces most of the twentieth-century temperature curve and 
impresses us with the closeness of its fit (Figure 5.5, bottom). ‘Oh,’ the reader might think. ‘It really 
isn’t such a good idea to take the sun into account. The sophisticated IPCC model has truly 
demonstrated its superiority.’ 

At this point we bring in a referee to judge how the results were reached and to rate the approach. 
The first low blow was that IPCC assumed the same negligible climate forcing for the sun for both 
scenarios. As the IPCC accepts no amplification mechanism (see Chapter 6), the sun never had a 
chance in this contest. It is as if the IPCC challenger had its right arm tied behind its back before the 
fight began. The result is unsurprising. What goes into the model also comes out. The second 
infraction involves the good fit between the IPCC curve and the historical temperatures. Here also, a 
massive manipulation is used to arrive at the result. The cooling effect of aerosols was inserted into 
the model at carefully chosen points to ensure that the modelled temperature curve matches the 
historical curve (see Chapter 7). That’s like choosing the winning lottery numbers the day after the 
draw. How else could the sunless IPCC model have produced the cool periods as C0 2 concentration 





increased continuously and steadily? The IPCC’s exclusion of the sun in the rigged contest is thus 
meaningless and does not bring us a centimetre further on the question of the impact of natural 
climate factors. Rather than trying to understand the role of natural factors like the sun, the IPCC is 
content to bury it. 
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Figure 5.5 Deceptive anti-sun evidence presented by the IPCC. The IPCC compares theoretical modelled temperatures to the 
actual observed temperature of the last 100 years. In a direct comparison only the model with the anthropogenic components 
(bottom chart) appears to reproduce the measured historical temperature, while the model with the pure natural factors (top 
chart) shows considerable discrepancy. What is not mentioned is that the wonderful fit in the anthropogenic chart was created 
by throwing in an aerosol fudge factor where needed. Meanwhile, in the model with the natural factors, discrepancies occurred 
because amplification mechanisms and cycles were ignored. Source: modified from AR4 [28], 

How the 2007 IPCC report looks at the sun 

In Chapter 3 we saw how the sun affected the earth’s climate in the past in a variety of ways. So it is 
utterly improbable that 40 years ago the sun would take early retirement and cease being one of the 
most important climate drivers, as the IPCC asserts. How did the IPCC reach this assumption and what 
is the chain of argument behind it? How could the inconvenient truth of the close historical link 
between the sun and climate have been marginalized so successfully in a number of climate reports 
and for so long? 

In AR4 references to the sun are scattered across a number of chapters [29] and many of the 
aspects discussed in Chapter 3 are reported there. The IPCC mentions the 11-year solar cycle and 
relishes the fact that the changes in total solar irradiation amount to no more than about 0.1 per cent. It 
also mentions that the UV range fluctuates strongly, with values of 1.3 per cent (see Chapter 3). With 
some surprise, we read that the IPCC even considers the possibility that changes in UV may trigger an 
amplification mechanism and that fluctuations in solar activity may produce detectable climate 
signals. They also mention that UV radiation can trigger reactions in the ozone layer and thus have a 



clearly discernible influence on the temperature in the upper atmosphere. And then we read: a 
coupling of the UV effect in the upper atmosphere with the climate in the lower atmosphere is 
probable, but how is unknown and is still being researched. One thing, though, is certainly clear: the 
effect cannot be ignored. One might have expected the IPCC at least to have taken this into account in 
one form or another in its quantitative models. The same goes for the other important climate driver 
which is also the subject of much research, namely the Svensmark Mechanism, which links the solar 
magnetic field with cloud cover through cosmic rays, thus linking it to climate. Here too there are 
many positive signs (see Chapter 6), and so these processes should appear among the possibilities in 
the various climate models. We shall see if they are. 

AR4 also recognizes that the Little Ice Age did not occur during a period of low solar activity by 
mere chance. Much of the temperature development in the Northern Hemisphere in the past was 
controlled by fluctuations in solar activity on a decadal scale, together with large volcanic eruptions. 
Last but not least, our millennium cycles appear in the long version of the report, where its 
relationship with solar activity is also suggested. 

After reading all this, one might almost conclude that everything is in apple-pie order. Many 
important points have been raised. Solar activity cycles from every period would certainly be 
included in the models and various solar forcings as possible scenarios would be created. Just to be 
certain, one might think the IPCC would check and calibrate the models at least once using the pre- 
industrial, known climate curves. Then, the IPCC would introduce the C0 2 parameter and other 
anthropogenic elements and extend the models up to the present, working to the principle ‘from 
easiest to more complex’. And only if the models were able to withstand these rigorous quality checks 
would they be deemed to be sound enough for projections into future. Surely the IPCC would have 
followed this process? Well, given what we already know about the IPCC, we can guess the answer: 
No, it did not. The IPCC deems it unnecessary. Instead, it is enough to discuss possible solar effects at 
length, and then simply ignore them. 

The factually decoupled IPCC synthesis 

Let’s go a step further and consider the chapters of the IPCC report that deal with the climate models: 
the synthesis of the many scientific single aspects and the recommendations for policy makers. It is 
the nature of science that not all scientists agree on every point when you have a group that is as large 
as the one that worked on the IPCC report. In order to be able to put together a report that can be 
mutually agreed on, there has to be a core team that ultimately decides which aspects will be 
emphasized and pursued, and which excluded. 

It is precisely at this interface that so much misfortune transpired. Nothing positive about the sun 
was reported in the IPCC’s model calculations, conclusions and recommendations for policy makers. 
It is as if the many progressive thoughts found in the earlier chapters had been swallowed up by the 
earth and had simply disappeared. The IPCC instead barricades itself behind the 0.1 per cent radiation 
variation wall of the Schwabe solar cycle and allows the climate forcing of the sun to die out with the 
other climate control factors. Newly uncovered possible solar amplification mechanisms, such as the 
UV amplifier and the cosmic ray amplifier (see Chapter 6), are excluded. The specious reason? The 
mechanisms are poorly understood. The aerosol effects, along with their uncertainty, however, are 
taken into account even though they too are poorly understood. In its quantitative estimations, the 
IPCC claims to cover all possibilities. Here upper and lower limits are given, along with the best 
anticipated and determined values. With aerosols their effect fits the picture; they serve the purpose. 
Possible solar amplifications, on the other hand, do not, and so they are ignored. 

Ironically, the IPCC instead uses a huge C02-induced water vapour amplification process which 


inflates the rather meagre C0 2 warming effect so that it reaches dangerous levels. Here it has to be 
pointed out that the water vapour amplifier too is poorly understood and that some scientists, among 
them former IPCC author Richard Lindzen of Massachusetts Institute of Technology, consider that 
water vapour has a dampening effect rather than an amplifying one [30] (see below and Chapter 6). 
Clearly there is a growing suspicion that the IPCC is employing a double standard: thus deliberate 
exclusion or marginalization of inconvenient results and indications undermine the quality of IPCC’s 
statements. 

The IPCC does not waste any time on why solar activity correlated so well with temperature and 
other climate parameters in the past. How could this have worked then when the sun is supposedly 
such a weakling? No matter how powerfully the sun demonstrated its impact on the climate over the 
course of its different cycles during the postglacial period, the IPCC report plays it down. Even 
though one scientist after another has demonstrated that the sun’s slowing activity is connected to the 
stagnation of the global temperature since 2000, we read nothing about this in the summary IPCC 
expert report. 

In fact, behind the scenes IPCC scientists mock the solar cycle repertoire and imply that solar 
scientists are suffering from ‘cyclomania’. The sun’s clear signature on the earth’s climate is 
dismissed in the report, based on wild reasoning. When it concerns the sun, everything has to be 
simple and crystal clear, otherwise it cannot be valid. But with C02, things are handled much more 
adventurously and discretely. How many among us are aware that temperatures in Antarctica, the east 
Pacific and parts of the Indian Ocean have dropped since 1979 while C0 2 is uniformly spread over 
the globe? No one can offer an explanation for that. 

Is there any hope that things will improve? 

It has been a number of years since AR4 was published. How has science developed since then? What 
new findings do we have today that we did not have in 2007? Just how probable is it that the IPCC will 
admit, ‘Sorry, but in the 2007 report we were wrong about the sun. There’s more to it than we first 
thought?’ 

Numerous publications which do not support the IPCC’s solar-critical position have come out 
since 2007 (see Chapter 3). That there’s lots of movement in the area of important fundamental data is 
shown by the current research results of a Swiss research team at the Davos-based World Radiation 
Centre and ETH, Zurich. They found that the IPCC may have understated the rise of total solar 
irradiation (TSI) for the period since the Little Ice Age by as much as a factor of six [31]. While the 
IPCC assumed an increase of merely 1 W/m 2 , the Swiss team arrived at a hefty 6 W/m 2 . Strangely 
enough, in AR4 the IPCC just halved the value given in TAR. 

If you multiply these values by a factor of 0.175, then you get the magnitude of radiative forcing 
of the sun [33], 10 which is usually given for the same interval. The values unfortunately also have as 
their units W/m 2 , but must not be confused with the increase in TSI. If one uses the Swiss TSI value, 
then you get an updated solar forcing value for the sun of 1 W/m2 - an enormous increase compared 
to the 0.12 W/m2 in AR4 (Figure 5.2). That alone puts the sun near the top of the list of possible 
climate drivers. A recent climate modelling study using the Swiss TSI values now points to a much 
more significant role for the sun [34]. And this, the reader should remember, is without even 
considering possible solar amplification mechanisms, which probably would put the sun in pole 
position and C0 2 would have to be downgraded in order to keep the temperature from shooting up 
beyond the observed temperature values. Along the same lines, a British- American 2010 study sets the 
variability of UV radiation over the course of an 11-year solar cycle at five times greater than that 
used by the IPCC [35]. 


Despite this, the draft AR5 diminishes the influence of the sun even further. The IPCC argues that 
natural forcing would be a small fraction of anthropogenic forcing. Since 1980, satellite observations 
of the TSI and volcanic aerosols demonstrate a near zero (-0.04 W/m2) change in the natural forcing 
compared to the anthropogenic forcing increase of 1 W/m 2 . This has been commented on by Alec 
Rawls, a climate-sceptic blogger: ‘Solar activity was at historically high levels at least through the 
end of solar cycle 22 (1996), yet the IPCC is assuming that because this high level of solar forcing 
was roughly constant from 1950 until it declined during solar cycle 23 it could not have caused post- 
1980 warming. In effect they are claiming that you can’t heat a pan of water by turning the burner to 
maximum and leaving it there, and that you have to keep turning the flame up to get continued 
warming’ [36]. 

The IPCC’s strategy for ignoring the sun 

Let’s take a look at the IPCC’s reasoning. The starting point is that the IPCC attributes the 1977-2000 
warming almost exclusively to anthropogenic greenhouse gases. Models were specially developed 
for this period and then simply projected into the future. Unfortunately, the models could not even 
reproduce the 1940-77 cooling phase and also failed for the period 2000-the present, as once again 
warming has stopped. If C0 2 was the only magnitude of influence acting on the climate, and other 
natural factors like the sun and oceanic climate oscillations played no role, then perhaps that approach 
could be adopted. However, we know that the sun’s activity is quite erratic and shows changes ranging 
from minutes to thousands of years. 

To gloss over all of this, the IPCC cherry-picks from the broad spectrum of available literature a 
solar activity curve that shows very little change over the last thousand years [32]. A supposedly 
minor fluctuation range disarms the sun in the most facile way. Here, possible pre-amplifiers would 
only be a distraction and thus have no place in the models. 

If, for whatever reason, the solar fluctuations don’t allow themselves to be minimized, then a 
safety mechanism is brought into play: temperature reconstructions of the last thousand years are 
statistically processed to the point where only a more or less flat curve results for the pre-industrial 
period [37-38]. This is the infamous hockey stick curve, the centrepiece of TAR, which has since been 
completely discredited. The relatively flattened temperature curve thus made it possible for scientists 
to downgrade the impact of natural climate forcings drastically in their models. So, no matter how 
much the natural processes fluctuated, the temperature curve remained more or less flat. What is 
really important for the IPCC is that the temperature curve started climbing powerfully just when 
industrial C0 2 began to increase. Only in that way could the sun’s influence be kept small and C02’s 
be made responsible for 95 per cent. And only in this way could political momentum be unleashed 
and stringent measures for protecting the earth’s atmosphere demanded. However, the actual 
temperature development of the last thousand years gives us a very different picture. First, it distincdy 
shows the Medieval Warm Period (MWP), a time when Greenland was settled for generations and 
agriculture was practised there. It also shows the bitter cold of the Little Ice Age (LIA), which 
proponents of the inflated C0 2 hypothesis still stubbornly refuse to acknowledge. Stefan Rahmstorf, 
for example, insists that the LIA (Maunder minimum) is a regional north European event. But studies 
from Japan and China show that East Asia too was in the grip of a long cold period at that time (see 
Chapter 4). 

If the solar activity curves were allowed to show their full variability and the temperature curve 
was again allowed to have its characteristic peaks and troughs which the first IPCC report of 1990 
showed (Figure 4.10), then there would be only one retreat position left for the IPCC. The 
significance and effectiveness of the solar impact on climate would have to be acknowledged. 


However, this would have to be presented as having no serious consequence for C0 2 climate 
sensitivity. C0 2 would have to keep its potential for danger. But would that make any sense? Recall 
that the temperature has increased 0.8° C since 1850, which has to be attributed to various factors. The 
more important the sun becomes, the more C02’s role has to diminish. Currendy, according to the 
IPCC, C0 2 and other anthropogenic greenhouse gases are 95 per cent of the cause and the sun only 5 
per cent. But if the pie were to get sliced up differently, then C02’s share would have to drop 
accordingly to maintain the 0.8° C value. One simply cannot strengthen any desired climate factor 
without running into problems, even if one considers time lags in greenhouse warming. Interestingly, 
some scientists close to the IPCC concede that the sun has impacted the climate to some extent - but 
only until 1970 [6]. So just how probable is it that the sun abrupdy withdrew from the climate stage 
and lost its influence 40 years ago? 

The IPCC’s distortion of scientific data 

Just how scientific and serious is the IPCC’s approach? How will future generations rate it? Does its 
stubborn refusal with respect to the sun have something to do with the fact that their scientific models, 
which were once believed, are now being questioned? Is it perhaps an unholy mix of science and 
politics? Does an alliance of institutes, NGOs, photovoltaic lobbyists and politicians fear for their 
privileges and benefits? Or is it that far-reaching economic and political measures that have already 
been implemented are making it difficult to reassert common sense and the tried and tested scientific 
method? The IPCC approach has to be regarded as unscientific and divorced from reality. It is 
unrealistic to believe that the IPCC models could describe climate dynamics without first involving 
solar dynamics and other natural variability. 

Mojib Latif of Kiel came to the same conclusion. With an Australian colleague, Noel Keenlyside, 
he determined in 2011 that the models employed by the IPCC could not provide forecasts over 
decadal timescales. They found numerous shortcomings. The models cannot reproduce the decadal 
climate oscillations that are observed in the real world. Furthermore, the influence of the stratosphere 
is overlooked and aerosol particles are not adequately taken into account [39]. Despite these 
fundamental flaws, climate model calculations are still presented as sound results, which are then 
transformed into media reports. 

Much has been reported on the IPCC’s dramatization of reports, whether it’s the baseless 
publicizing of the Himalayan glaciers melting by the year 2035, which Dr Lai justified by claiming 
‘We thought that if we can highlight it, it will impact policy makers and politicians and encourage 
them to take some concrete action’ [40], or whether 40 per cent of the Amazon rainforest is 
threatened, or the drinking water of 4.5 billion people will be lost by 2085, or food production in 
North Africa dropping by 50 per cent by 2020 [41]. 

The way in which data can exert political pressure is also demonstrated by the IPCC’s selective 
method for depicting temperature trends (Figure 5.1). The mean temperature rise was calculated for 
different periods in the past. The coloured regression lines got steeper the more recent the starting 
point, which implies an increase in warming. For 25 years (1981-2005), just before the editorial 
deadline of AR4, the IPCC calculated a warming rate of 0.177° C per decade, and thus curtly 
concluded that warming had accelerated [42]. Has it really? Unfortunately, the IPCC omitted two not 
so unimportant lines from its graph (dashed red lines in Figure 5.1, p.177). These two lines show 
warming in 1860-80 and 1910-40. And, guess what, they have similar slopes, or warming rates, as 
the supposedly unique and ‘unusual’ steep linear line used for the last 25-year period. At the start of 
2010, IPCC’s temperature specialist Phil Jones had to admit this in the wake of the Climategate 
scandal, saying that the rate of warming for all three episodes was statistically similar and could not 


be differentiated from each other [43]. In AR4 we look in vain for an explanation. Instead, the 
depiction of ‘accelerated’ warming in recent times [42] in the AR4 misleads unknowing readers. The 
politicians who were provided with the written summaries, in any case, deserve reliable scientific 
reports that can be used as a basis for sustainable planning. Since AR4 was published another 5 years 
of data has become available. What was merely indicated in 2005 has since been confirmed. The 
temperature has remained at its 2000 level; warming has stopped, at least for the time being (Figure 
1.2). It is going to be very difficult for the IPCC to repeat its masterful feigning of accelerated 
warming in the next report. 

Another method the IPCC resorts to when confronted with different scientific findings is to favour 
papers that minimize or exclude solar influence to the benefit of C02. For example, Richard Willson 
and his team at Columbia University showed from satellite data that the solar irradiation of solar 
cycles 21-23 (1978-2002) increased 0.05 per cent per decade [44], which could have had a significant 
impact on earth’s temperature as a consequence. But that simply did not fit the IPCC’s narrative. So by 
applying corrections to the different satellite measurements, Claus Frohlich of the Swiss World 
Radiation Centre was able to generate a diagram in 2006 which showed no increase [45] (Figure 5.6). 
Needless to say, in AR4 the IPCC opted for Frohlich’s interpretation and detected no change in solar 
irradiation over the last decades either. If the original literature from Willson had been pursued, then 
part of the warming (30-50 per cent) since 1980 would have to be attributed to the sun [46]. 



Figure 5.6 Satellite measurements of total solar irradiation (TSI). While the minima of cycle 21-23 of the ACRIM data series of 
the Willson group rise, they appear to be almost constant in the PMOD version of the Frohlich group. For comparison, the 
PMOD is shifted down by about 5 W/m 2 from its native scale. 

Misunderstood water vapour 

Water vapour has the greatest influence on climate in the atmosphere (see Chapter 6). It is by far the 
most powerful ‘climate gas’. First, water vapour content increases with rising temperatures as 
warmer air carries more water per unit volume. This water vapour amplification plays a huge role in 
the IPCC climate models. Without such feedback, a doubling of the atmospheric C0 2 concentrations 
would increase the earth’s temperature by only about 1.1° C. It is only with the help of water vapour 
feedback that the IPCC is able to come up with its alarming up to 4.5° C temperature increase per C0 2 
doubling [47]. Here the IPCC report does not base this on actual measurements, but rather on five 
theoretical calculations undertaken between 2003 and 2006. 

Is it really correct to include the water vapour effect in the calculations? It wasn’t until 2009 that 
two studies based on measurements were published. In one, Garth Paltridge of the University of 
Canberra showed from humidity measurements made by balloon probes that the humidity in the 
middle and upper troposphere had decreased between 1973 and 2007 [48]. In the other study, Richard 
Lindzen and his colleague Yong-Sang Choi of MIT evaluated data from the 1984 ERBE (Earth 
Radiation Budget Experiment) satellite, which recorded radiation emitted from the atmosphere into 
space and compared it to the change in sea temperature. They produced the surprising result that a 
negative feedback for water vapour is found at the tropical latitudes [30]. As the sea temperature rose, 


the radiation into the atmosphere increased and led to a cooling, thus constituting a negative feedback. 
The calculation signalled that the C0 2 effect of 1.1° C for a doubling of C0 2 concentration is reduced 
by the water vapour feedback to only 0.5° C. 

But how can warming of the ocean, which without doubt leads to more water vapour in the 
atmosphere, have a neutral or even a negative feedback? The answer is that more water vapour in the 
atmosphere results in more cloud formation. Lindzen discovered that as ocean temperatures rise, the 
ratio of cooling low cumulus clouds to warming high ice crystal (cirrus) clouds goes up, thus 
offsetting the warming triggered by the sea surface. As water temperatures increase, more droplets 
form. The larger the droplets, the less they are transported into the high atmosphere where they form 
heat-trapping cirrus clouds. Cirrus clouds reflect less solar radiation, but effectively absorb infrared 
radiation reflected by the earth’s surface [49]. This ‘iris effect’ has acted throughout the earth’s 
history to counteract a runaway greenhouse warming by water vapour whenever the planet warmed 
[49]. Lindzen points out that he had only considered the Tropics and suspects that the negative 
feedback on a global scale is possibly less when other latitudes are considered. 

To say the least, Lindzen caused outrage among some scientists because previous IPCC models 
claimed a strong positive feedback for C02, whereby C0 2 warming-induced water vapour 
contributed much of the global warming. Kevin Trenberth, a lead author of the IPCC’s 1995, 2001, 
and 2007 reports, was able to show that Lindzen had made some errors [50], particularly that he had 
looked only at the Tropics. Roy Spencer of UAH showed that the change over the examined period 
could also show a zero effect (neither positive nor negative) [51]. Even so, Lindzen opened a long- 
overdue discussion among scientists. The IPCC’s assertion that water vapour exclusively had a strong 
warming effect had been shown to be questionable, at least over parts of the earth. 

The years since then have been marked by a bitter dispute among adversaries. Andrew Dessler [52] 
of Texas University joined Trenberth’s cause and, based on satellite data, calculated that clouds would 
amplify climatic changes slighdy (positive feedback). Yet at the same time he could not exclude the 
possibility that clouds may slighdy attenuate climatic changes (negative feedback) [53]. Spencer 
examined satellite data and concluded that there had to be another natural relationship independent of 
C0 2 and its associated warming that causes cloud formation, such as the PDO [54]. Also, the effect of 
cosmic radiation and aerosols can lead to an independent impact on cloud formation. This could 
mean that the IPCC models reverse cause and effect. A C02-independent fluctuation in cloud cover 
may lead to a change in solar radiation reaching the earth’s surface and thus could create the false 
impression that the temperature increase is caused by C0 2 [55-56]. Cloud cover in many regions of 
the world has declined over recent decades [57-59]. 

Spencer too came up with a strong negative feedback. Finally, in July 2011, Lindzen published a 
paper that addressed Trenberth’s criticisms [60]. Here Lindzen calculated that the negative water 
vapour feedback leads to a C0 2 sensitivity of only 0.7° C. For a doubling of C0 2 concentration, the 
cloud effect would therefore reduce the temperature increase from 1.1° C to 0.7° C. 

The debate over whether a positive or negative feedback exists will remain with us for quite some 
time. As a result, C0 2 climate sensitivities vary throughout the literature from 0.4° C [61] to 4.5° C 
[29]. The IPCC’s very high estimates for water vapour amplification, however, can no longer be 
upheld because C0 2 can be responsible for only half of the warming over the last 50 years (see 
chapters 4 and 6). Thus a lot points to a weak positive C0 2 feedback through water vapour cloud 
cover at best. Even the IPCC admits that cloud feedback remains the greatest source of uncertainty in 
estimating the climate sensitivity of C0 2 [62]. On the other hand, ‘It is still not possible to judge 
which of the model estimations on cloud feedback is the most reliable’ [62]. The importance of 


clouds is obvious. On average clouds cover 65 per cent of the globe and have a net cooling effect of 
30 W/m2 [63]. Compare that to the IPCC-assumed C0 2 warming effect of 1.66 W/m2 since 1750! 
That means a change in cloud cover of just a few per cent is enough to have the same effect as that 
proposed for C02. Clouds have an impact on our climate, says Henrik Svensmark. This is shown by 
the intuitive correlation between global cloud cover and global temperature (Figure 5.7). As cloud 
cover increases temperatures drop, the statistics show. 
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Figure 5.7 The relationship between global surface temperature and global cloud cover for 1983-2011. The trend shows that 
temperatures drop as cloud cover increases [64], 

The C02/water vapour amplification model also has been shaken on the temperature side. 
According to IPCC models, higher specific humidity levels should have an impact, particularly in the 
Tropics. According to the IPCC a higher temperature has to be present at altitudes of between 3 and 7 
km, where a so-called hotspot should form. This theoretical hotspot was a crucial link in AR4. On p. 
675 of that report it is displayed as a model and is mostly brought in in connection with greenhouse 
gases like C02. But there’s a problem: balloon measurements taken in 1979-99 show no such hotspot 
in the troposphere [65-67]. To the contrary, temperatures show a decided fall. So what are we 
supposed to think of the models when their most important hypotheses are contradicted by real 
observations? Not much, at least when it comes to their forecasts and to interpreting the past. If the 
water vapour amplification effect is excluded, then C0 2 can only be responsible for a fraction of the 
recent 0.8° C of warming. 

In the meantime, there are now scientific opinions that claim that C0 2 does not have the lead role 
in the C02-water vapour link, but is only the junior partner. The award-winning geochemist Jan 
Veizer is convinced that the mighty water circulation mechanism provides the direction, whereby 
water vapour is controlled by solar activity [68-70]. Similar views have been expressed by Murray 
Salby of Macquarie University, Sydney. 

Also there recently have been surprises in the stratosphere for the IPCC. In the models it is 
assumed that we should find cooling, unlike in the troposphere. Susan Solomon, a lead author of 
AR4, surprised the climate community with results from a study that supposedly showed that water 
vapour in the stratosphere had declined 10 per cent since 2000. With this she attempts to explain the 
halt in the warming since 1998. Solomon calls it the 10, 10, 10 problem: ‘10 per cent less water 
vapour at 10 km altitude has an effect on global warming over the last 10 years’ [71]. Even more 
interesting is the finding that water vapour in the stratosphere had increased during the previous 20 
years (1980-2000). Solomon estimates that about a third of the late twentieth-century warming can be 
attributed to this stratospheric water vapour effect [72]. In the IPCC climate models, stratospheric 
water vapour does not play an important role. This needs to be corrected. Indeed, it is no 
exaggeration to say that the formulae are currendy incomplete and unable to model reality [72]. 
Because it is still largely unclear which processes stratospheric water vapour fluctuations are coupled 


with climate, it is very difficult to determine how to account for this in the climate models. Dale Hurst 
of the US National Oceanic and Atmospheric Administration (NOAA) suspects that one quarter of the 
stratospheric water vapour increase over 1980-2000 can be explained by the increased methane 
concentrations in the stratosphere [73]. This is nothing new. British scientists pointed out the potential 
large climate impacts of water vapour in the stratosphere a decade ago [74] and so it should come as 
no surprise. 

So what could be causing the rise of water vapour in the stratosphere 10 km above the surface of 
the earth? The first thing that comes to mind is that it is one of the warming effects of the rising 
atmospheric C0 2 level now taking place. The warming leads to more water vapour formation, which 
in turn is having more of an impact on the stratosphere and, unlike what IPCC’s prediction, less in the 
troposphere. Then we would again have our water vapour amplifier. But this raises the dilemma of 
how water vapour emission could decrease beginning in 2000 when C0 2 was rising. Solomon’s 
results create real headaches for the IPCC’s theory. While C0 2 concentration rose continuously year 
after year, the stratospheric water vapour curve took a sharp turn downwards in 2000, precisely when 
solar activity started its slumber and the PDO began its fall (Figure 5.8). 

We will refrain from pursuing in detail which impacts the different factors had on the warming 
process before the year 2000 and on the cooling process after 2000. By now the obvious conclusion 
is this: C0 2 is not the trigger of the stratospheric water vapour fluctuations. Solomon’s study [72] thus 
strips C0 2 of a large part of the IPCC’s alleged impact on the climate. The IPCC’s assertion that the 
warming is almost exclusively attributable to anthropogenic climate gases can no longer be 
maintained. Instead, a host of climate factors appears to be involved. In Chapter 7 we attempt to 
estimate the extent each of these factors plays. The downgrading of climate gases means that the 
warming that is expected to occur by the year 2100 will be much less than the IPCC fears. 
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Figure 5.8 Development of water vapour content for various altitudes of the stratosphere [73], After a protracted increase, the 
water vapour curves dropped abruptly around the year 2000 and then stabilized at a plateau. This reminds us of the global 
temperature, solar activity and the PDO, which all show a discontinuation around this time. C0 2 , on the other hand, continued 
to climb. 

Aerosols are the huge unknown 

One thing in AR4 is clear: the IPCC admits that we really do not understand much when it comes to 
the impact of aerosols on the climate. According to the IPCC, the aerosols’ cooling effect counteracts 
the proposed warming power of C0 2 by as much as two-thirds. As to the IPCC, aerosols reduce the 
warming caused by all the greenhouse gases combined by 45 per cent. But the uncertainty is large; it 
could be as little as 15 per cent or as much 85 per cent. Scientists only have ‘a medium to small level 
of scientific understanding’ of the interrelationships [75]. The impact of aerosols on cloud formation 
is even more poorly understood and thus can be assigned to the category ‘very little scientific 
understanding’. So what makes it so difficult to get a grip on aerosols? 

Aerosols are tiny particles of various origins. They include sulphate dust particles, soot, nitrate 
and mineral dust, as well as natural particles (sea salt, pollen, volcanic ash). Through diffusion and 
absorption, they have a direct effect on the sunlight reaching the earth. Even more important, but also 
more difficult to detect, are the indirect effects. Aerosol particles can act as condensation nuclei for 
water droplets and thus play a role in cloud formation. To put it loosely: a ‘dirty’ atmosphere 
enhances cloud formation and so indirecdy cools the earth. 

Naturally enough, one takes only the manmade aerosols into account when calculating climate 
change over the last 250 years, even when 80 per cent of all aerosols are of natural origin. In any 
case, total manmade emissions of aerosols have risen during this period and, at 160 million tons a 


year, are ten times higher today [76]. 

The cooling effect is of great importance for IPCC climate modellers. Only by selectively 
modelling the effects of aerosols were they able to explain to some extent the cooling period of 
1940-70 without having to deal with natural oceanic cycles and the sun. Rahmstorf explains that ‘solar 
activity remained almost constant during the stagnant phase (1940-1970) as the warming caused by 
greenhouse gas concentrations was essentially offset by the cooling effect of aerosol pollution’ [77]. 
After that aerosols were reduced in many parts of the world by the use of ‘desulphurization systems at 
power plants so rising greenhouse gas concentrations again began to control the temperature 
beginning in 1970’ [77]. These two statements contain two major errors. First, the sun, in large part, 
went off duty around 1970 and went into a markedly weak phase of activity, and so the notion of 
constant solar activity is out of the question. The other error is that Rahmstorf, as many IPCC climate 
scientists do, moves the desulphurization up a decade or two so that it better fits the models. For 
example, the first desulphurization system in Germany went into demo-operation in 1976. 
Desulphurization for new plants in Germany became law in 1983, with older plants being allowed a 
grace period for conversion until 1993. The region comprising former East Germany added the 
technology in the 1990s and the rest of Europe followed in line with the 2001 EU Directives. In 1970 
global emissions were 60 million metric tons (calculated as sulphur), in 1990 the figure was 70 
million tons and did not fall back to 60 million tons until before 2000 [78]. 

But none of this seems to trouble IPCC climate scientists. Some place the peak of sulphur 
emissions in 1960, while others peg it to 1990 - whatever suits them best. Christian Ruckstuhl of the 
University of California concluded that aerosols are the biggest uncertainty factor in AR4: ‘Incorrect 
input aerosol histories are the most likely cause for the disagreement between models and 
observations’ [79]. This is how one finds differences of a factor of 3 in the twenty studies on the 
climate effects of aerosols summarized by the IPCC. Some scientists simply used aerosols to bring 
their models into line with reality [75]. The climate effect of aerosols was often simply determined by 
subtracting the assumed greenhouse effect and other modelled climate effects from the measured 
temperature. The remaining temperature difference is then assigned to aerosols. 

That is how one brings whatever value is desired for the effect of C0 2 into harmony with reality. 
Not all scientists did things this way, but it is odd what an analysis of the IPCC models revealed [80]. 
Models with high greenhouse gas sensitivities were exclusively coupled by the IPCC with high 
aerosol cooling, while models with minimal sensitivity had minimal aerosol cooling. And this is how 
IPCC scientists succeeded, without really knowing what they were doing and taking separate paths, in 
reaching the same target, namely a virtual temperature curve that looks as much as possible like the 
observed temperature development [81]. But if you couple the scenarios of low C0 2 sensitivity with 
high aerosol cooling, or vice versa, then the models fail. Nobody questions the relatively good 
agreement between models and measurements. By now it should be obvious that reliable forecasts 
cannot be generated with such models. 

Citing aerosol emissions as an explanation for the 1945-77 cooling is not much more than an 
excuse. Carbon dioxide and aerosols increased in parallel from 1945 until the 1980s. Yet the 
temperature development switched from cooling to warming almost abruptiy in 1977. According to 
Don Easterbrook this has nothing to do with C0 2 or aerosols, but rather with the PDO flipping from 
its cool phase to its warm phase in 1977 [8] (see Chapter 4). 

Surely since 1990 a decoupling of C0 2 emissions from the dust and aerosol emissions has 
occurred. Dust and aerosol emissions have been rising less rapidly, if not at times reversing. Indeed, 
part of the warming since 1985 can be traced back to this decoupling. However, determining the 
extent of this effect borders on speculation. A radiative forcing of -0.1 to -0.9 W/m 2 is assumed for 


the direct aerosol effect. As for the indirect cloud forcing, the twenty-seven studies used by the IPCC 
show that the forcing is scattered over a range from -0.2 to -1.8 W/m 2 . This uncertainty enables the 
IPCC to project a strong warming for the future. One can assume that the aerosol emissions of fine 
dust and sulphate particles will decline in Southeast Asia over the coming decades because of 
stringent environmental policies. According to the IPCC this is why the C0 2 effect will hit harder in 
the future than it currently does. 

The aerosol joker is needed once again. As the global temperature has not risen since 2000 and it 
cannot be explained away by the IPCC scientific community, the aerosol joker is slipped into the 
playing deck once more. This time increased sulphur dioxide emissions in China since 2000 are 
claimed to be the cause of the strengthened aerosol formation and is why the warming of the last 10 
years has been pushed to the side [82], according to IPCC scientist Robert Kaufmann (see Chapter 4). 
But these aerosol emissions were rising before 2000 and since 2006 there’s been a marked reduction 
in China owing to a massive expansion of coal power plant desulphurization in the 2005-10 5-year 
plan. Moreover, Chinese emissions solely influence the Northern Hemisphere where the temperature 
has risen slighdy. In the Southern Hemisphere the temperature has dropped slighdy over the last 10 
years. Immediately, two other IPCC scientists step in to explain this. Teams working with Jean-Paul 
Vernier and Susan Solomon discovered volcanic events that provided the urgendy needed cooling 
potential [83-84]. Solomon found a slight aerosol increase in the stratosphere for 2000-10, which she 
believed accounted for 0.07° C of cooling since the end of the 1990s (i.e. about one third of the 
missing warming). So how were the other two-thirds neutralized? One cannot but notice how these 
publications are driven by the desire to explain the stagnant global temperature since 2000 without 
casting C02’s importance in doubt or having to integrate the oceanic climate cycles into the models, 
or even to involve declining solar activity [85]. 

In fact, the omnipotence of C0 2 is threatened by another aerosol, which up to now has never been 
appropriately taken into account in any of the IPCC prognoses: soot. 



Figure 5.9 Satellite photo of the Korean peninsula darkened by eastbound industrial gases from its Chinese neighbour. Photo 
taken on 27 January 2006 [67], 

Soot - the new star on the horizon of climate science 

AR4 assigns soot a relatively weak positive radiative forcing of 0.3 W/m2. But numerous studies have 
been published since then which show that soot potentially has a much higher impact. Veerabhadran 
Ramanathan of the University of San Diego demonstrates that the radiative forcing of soot could be 


as high as 0.9 W/m 2 , three times higher than the AR4 assumption [86]. Although soot is comparably 
low in emissions at 8 million tons a year and stays only a few days or at most weeks, the studies 
indicate soot has to be considered to have 55 per cent of the warming effect of C0 2 in the IPCC 
models when the past 250 years are considered. Even Greenpeace agrees that soot is second only to 
C0 2 as a cause of warming [87]. Because this effect has not been taken into account at this magnitude, 
it is essential to scale back the influence of C0 2 in the models by a corresponding amount. That 
would surely be an embarrassing thing to communicate to the public. Ramanathan thus resorts to 
claiming a large degree of uncertainty for the dampening influence of other aerosols (see above), and 
so simply increases the negative effect of the other aerosols by precisely the warming amount that 
soot is attributed to have in the latest findings. Bingo! The result is once again perfect. C02’s effect 
on warming remains intact and Ramanathan is soon quoted by the IPCC community. It’s a simple 
now-you-see-it, now-you-don’t sleight of hand that is not confirmed by any new findings concerning 
the non-soot aerosols. It is striking that the climate-political debate so far has not acknowledged that 
soot could have warmed the Arctic by 0.5-1.0 0 C over the past decades [86, 88]. According to Mark 
Jacobsen of Stanford University, soot accounts for 0.25° C of the global warming so far [89]. In other 
regions of the world too soot accounts for a significant contribution to the warming found in past 
decades [90]. That means there really isn’t much left for C0 2 to do. Who can honesdy say they have 
heard of this or of any debate about a global soot reduction programme? 

Soot can influence the temperature in the atmosphere in two ways: soot particles absorb sunlight 
and radiate warmth back into the atmosphere; and it hinders the reflection of sunlight on ice and snow 
(a reduced albedo). Soot has a negative effect on snow and ice regions in that it absorbs the sun’s rays 
that otherwise would be reflected. It thus warms the surface, leading to accelerated melting. In the 
IPCC models soot can hardly play out climatically because it is simulated at ground level in the 
formulae, which has little to do with reality. The maximum concentration is at 2 km in the air where 
soot absorbs the sunlight reflected by low clouds and thus converts it into warmth [86]. 

Soot is created by the incomplete combustion of biomass, fossil fuel and combustible materials. 
Twenty per cent of soot is created by burning biomass, 40 per cent by fossil fuels and 40 per cent by 
slash-and-burn land-clearance and through forest fires. China and India are responsible for 25-35 per 
cent of all global soot emissions [91]. In China alone soot emissions doubled between 2000 and 2006 
(Figure 5.9). A reduction through filter systems, diesel motors and switching from open fires that 
burn wood or charcoal to other cooking methods would quickly lead to a positive effect because soot 
remains in the air for a very short time. Moreover, replacing wood as a cooking fuel would 
significandy reduce smoke inhalation by women and children, which causes a staggering 400,000 
deaths each year in poor countries, half of whom are children. By strongly scaling back soot 
emissions, up to 40 per cent of the observed climate warming could be eliminated [92]. From a 
climate-political standpoint, burning wood at home instead of burning natural gas at our middle 
latitudes hardly brings any advantages, unless the soot emissions are drastically reduced. 

Whether it’s soot or other aerosols, the IPCC’s stoicism in light of all the scientific uncertainty is 
remarkable. Most of the climate models considered by the AR4 do not take any indirect aerosol 
effects into account [93]. Moreover, their fundamental assumptions vary to a great extent. In one 
model the maximum sulphate emissions in Europe occurred in 1960, in another they occurred in 
2000. In yet another model the emissions in China have declined since 1995, in another they skyrocket 
after the year 2000. In one model Japanese emissions decline after 1970, but in another they steadily 
climb. The IPCC’s adherence to unambiguous announcements is unshaken, so much so that the AR4 
summary report claims a radiative forcing for C0 2 of 1.66 W/m2 since 1750, right down to a 

hundredth of a watt. Just the uncertainty for aerosols alone accounts for 1.5 W/m 2 . One might call this 


barefaced cheek or even scientific irresponsibility. 


What climate extremes are we threatened by? 

Recently, in public discussions, anthropogenic global climate warming has been blamed for all 
extreme weather events. Forest fires in Russia, tornadoes in the United States, floods in Pakistan and 
China, hot summers and cold winters, record October snowfall in New York City, sharks off the coast 
of Egypt - climate scientists, journalists and politicians are quick to make a connection between 
unusual weather events and global warming. During the weeks-long devastating forest fires that raged 
round Moscow in the summer of 2010, President Medvedev declared, ‘What is happening now in our 
central regions is evidence of global climate change’ [94]. Hans-Joachim Schellnhuber also chimed 
in, ‘The global mean temperature has been at a record level for one year, and thus the probability of 
regional heat zones like the present one in Western Russia is rising’ [95]. Yet it didn’t make the 
headlines when seven American scientists later showed that the heatwave was a natural weather 
phenomenon and that no connection to global warming could be made [96]. 

The projected consequences of climate change stir up deep-rooted primal fears within the human 
psyche. The massive melting of the polar ice caps projected by the IPCC would lead to an abrupt sea 
level rise and flood inhabited areas. The biblical story of Noah’s flood was the result of man’s sinful 
ways. Moreover, people worry about storm surges that cause rivers to burst their banks, hurricanes 
and cyclones that threaten livelihoods and epic droughts. What’s behind all the panic? Is civilization 
really on the verge of destruction? 

Retreat of the ice sheets, glaciers and sea ice 

Let’s start with ice. There are three types of ice, namely the large ice sheets on Greenland and 
Antarctica, the sea ice in the Arctic and Antarctic, and the mountain glaciers all around the world. 
First we need to note that the current melting of ice does not come as a surprise. The temperature 
since the end of the Little Ice Age over the last 150 years has risen almost 1° C, so it is only to be 
expected that ice would take a hit. We have already noted the reason for the long-term warming: one 
part is due to the active sun (see Chapter 3), one part due to the rise in C0 2 concentration and climate 
gases in the atmosphere, and yet another part due to soot. Together, these factors are the primary 
culprits for global ice melting. 

The ice sheets of Greenland and Antarctica store gigantic amounts of water in the form of ice. 
Hypothetically, if the Antarctic ice sheets were to melt completely, sea levels would rise about 60 
metres. The melting of the Greenland ice sheets would add another 7 metres. Over the course of the 
earth’s geological history, ice-free poles have occurred time and again, and over long phases. A 
complete melting of the pole caps, according to the IPCC, would in any case only take place if the 
warming were sustained over thousands of years. However, completely burning off all the reserves of 
fossil fuels on the planet and the duration of C0 2 in the atmosphere would not be enough to warm the 
planet for thousands of years [97]. 

Let’s take a brief look at what has happened to the ice sheets in Greenland and in Antarctica over 
the last few decades. The Greenland ice sheets have really taken a hit over the past 10 years [98]. Even 
so, ice loss estimates there were drastically exaggerated. Recent studies have shown that the ice melt 
rate is only half that originally estimated and is currendy about 104 gigatonnes/year [99-100]. Earlier 
authors had significantiy underestimated the effect of the postglacial, ice unloading-related rise of 
both polar regions and so calculated excessive ice melt rates based on GRACE satellite gravimetry 
[101-103]. Furthermore, it was found that the glaciers of the Greenland ice sheet underwent a more 
rapid retreat in the 1930s than in the 2000s, as revealed by recently discovered air photographs taken 


over Greenland around that time [104]. 

The situation is similar in the west Antarctic and the Antarctic peninsula, which are an extension of 
South America and thus exhibit in part similar climate trends. The west Antarctic ice sheet is melting, 
but at a much slower rate than thought just a few years ago [99-100, 105]. The east Antarctic, which is 
cut off by the Transantarctic mountain range, represents by far the larger part of Antarctica. The 
climatic trends there are very different from the western part of the continent and here we find some 
surprises. The central part of the east Antarctic ice steadfastly refuses to take part in any of the ice 
melt theatrics and is even growing slowly [105]. This, by the way, can be read in the IPCC report, 
which explains that east Antarctica is simply too cold to melt and hence will continue to increase in 
mass due to snowfall. Only the periphery of east Antarctica appears to be melting. 

When viewing the total Antarctic ice mass, things are quite clear: according to new ICESat laser 
measurements of elevation change [106], the mass gain of the total Antarctic ice sheet from snow 
accumulation during 2003-8 exceeded the mass loss from ice discharge by 49 gigatonnes a year. The 
Antarctic ice shield is actually growing! 

The situation concerning the large ice sheets of Greenland and Antarctica appears to be much less 
dramatic than a few climate protagonists have been loudly trumpeting. Let’s shed more light on the 
matter. Studies have shown that the bulk of the east Antarctic ice survived multiple interglacial periods 
with ice ages in between during the last 730,000 years, a period when at times temperatures were 6° C 
warmer than they are today [107]. It is thus assumed that east Antarctica will also get through the 
current warming with very little loss. The same applies to the Greenland ice sheets, which also did not 
melt away during the last interglacial 120,000 years ago [108], a time when it was up to 5° C warmer 
than today. 

Floating ice 

In the polar regions vast areas of the sea are covered by a 2-3 metre thick sheet of ice. During the 
summer a large part of the floating ice sheet fragments and melts, and in the winter the damage is 
more or less repaired and the ice cover expands. Since there have been satellites for 30 years, the 
annual thawing and freezing can be continuously monitored from space. From these observations it is 
clear that Arctic sea ice has shrunk (Figure 5.10). 

Three questions are often asked. First, will this continue with summers in the North Pole 
eventually becoming completely ice free? Second, was the Arctic Ocean in the past always covered by 
vast areas of ice as we know it today or were there times when the ice melt was much greater than the 
present? And third, why do we hear so little about the South Pole from the media? 

In answer to the first question, the IPCC is confident and forecast in its 2007 report that summer 
Arctic ice cover will completely disappear by the end of the twenty-first century. Over the 2000-12 
period the Arctic ice indeed continuously shrank. Especially dramatic were the retreats of 2007 and 
2012, which set alarm bells ringing loudly (Figure 5.10). If this trend were to continue, sea ice at the 
North Pole would disappear, and soon. 

In the search for the cause of the unusually low 2007 and 2012 ice cover, NASA scientists found 
the answer. The strong ice retreat was mainly due to changes in local wind patterns [109-111]. In 2007 
unusual currents carried a large part of the Arctic ice southwards and eastwards past Greenland and 
out into the Adantic where it eventually melted [112-113]. The resulting exposed Arctic sea area then 
accumulated some additional heat because the albedo (reflectivity) of an open sea is far less than that 
of ice [112]. In August 2012 a powerful storm broke up the Arctic sea ice and led to a new Arctic sea 
ice minimum for the satellite era of the past 30 years. A few weeks later, Arctic sea ice was back at its 
long-term average value. 


Scientists also found an explanation for the multi-year general meltdown of the Arctic ice leading 
up to the record 2007 year (Figure 5.10). It was probably no coincidence that the Adantic Multidecadal 
Oscillation (AMO), a climate system internal fluctuation, reached its positive warm period at this time 
[114-115]. Such internal climate systems generally do play a prominent role in the Arctic climate. In 
2004 Petr Chylek of Los Alamos National Laboratory could show that the temperature of the eastern 
Arctic Ocean increased by 1° C from 1979 to 1997 while the western Arctic cooled by 1° C. This 
demonstrates that the changes turn out to be far more complex than previously assumed, pardy 
because of the internal climate oscillations. Notably, the NAO plays a far greater role in Arctic ice 
dynamics than does global warming, according to Chylek [116]. The Arctic sea ice had already 
undergone considerable melting in the 1930s, based on ship sightings. At that time, there were of 
course no satellites to record the ‘damage’ done by natural processes to the ice. 

For this reason it is not easy to determine whether the Arctic ice will continue to shrink. Because 
of the natural system variability, linear trends cannot be simply projected into the future. And because 
temperatures may decrease due to natural factors over the coming few decades (see Chapter 7), it 
cannot be excluded that Arctic ice cover will once again expand in the foreseeable future. Moreover, 
recent models indicate that there is no danger of the Arctic ice system careening out of control and 
reaching a tipping point because of self-induced amplifications. The increased heat absorbed due to 
the reduced albedo is simply radiated into the atmosphere during the autumn and winter that follow, 
model calculations show [117-118]. 

This takes us to the next question: exactly how has Arctic sea ice been developing over the 
millennia? Is the current situation really unusual or even unique? As there were no satellites then, we 
have to use data collected from seafaring reports and coastal observations. These are less precise, but 
better than no data at all, and general trends can be discerned. From the historical curves we can see 
that the Arctic ice did not begin to retreat only a few years ago, but started in the nineteenth century, at 
the end of the Little Ice Age (Figures 5.11 and 3.8) [119]. The same applies to ice in the Baltic Sea 

[120] . The start of the Arctic sea ice retreat clearly has natural origins. It is the warming that comes 
with the end of a natural cold phase, the Little Ice Age. 

Now let’s go back a few more centuries to the Medieval Warm Period (ninth to the fourteenth 
centuries). Back then Arctic ice had melted so much that the Vikings were able to make expeditions to 
Iceland and Greenland in the ninth century, and eventually were able to settle there. Later, in around 
the year 1420, the Chinese were able to sail into the Arctic Ocean and found hardly any ice there 

[121] . The Northwest Passage around that time was ice-free [122]. 

As we have seen, there was a series of similar warm periods over the last 10,000 years since the 
end of the last ice age (see chapters 3 and 4). Arctic sea ice shrank multiple times in sync with 
millennial cycles, and so there were ice extents that were often considerably less than today’s 
[123-126]. There were phases when the central Arctic Ocean was for the most part practically ice-free 
during the summer [127]. Our current Arctic ice shrinkage is not unique. 

The third question - why don’t we hear more about the Antarctic ice from the media? - can easily 
be answered: the Antarctic sea ice is not shrinking at all, but according to satellite observations has 
been stable for the last 30 years, and is even expanding slightly [128] (Figure 5.12). Interestingly, 
current theoretical climate models are not able to reproduce the expanding Antarctic sea ice [129]. In 
2012 the Antarctic sea ice reached a new record extent for the satellite era of the past 30 years. This, 
of course, limits the entertainment value of Antarctica’s development for the media, and so this 
important information is little known to the public. Sea ice low in the Arctic and high in the Antarctic? 
Warming of the Arctic and cooling in Antarctica? And shrinking ice shields in Greenland while the 
Antarctic ice cap is growing? Scientists have found evidence for a connection, which they term the 
‘polar see-saw’ [130]. When it gets colder at one pole, it warms up at the other. These internal climate 


dynamics must not be confused with changes triggered by external processes: changes in solar 
activity or anthropogenic influences. 

To conclude, we now look briefly at how much the sea would rise if all the sea ice melted. The ice 
floating in the ocean displaces a certain volume of seawater. When sea ice melts, there’s a density 
difference between fresh water and saltwater of 2.6 per cent by volume. That means there would be 
more melt water than displaced seawater. This in turn would lead to a sea level rise of 40 mm. 
Therefore, the effect in principle would be negligible [131-132]. 

Mountain glaciers: always on the move 

All the major mountains have glaciers because temperatures in the atmosphere decline up to an 
altitude of at least 8-15 km on average in the Tropics. The reason for this is the lower solar energy 
absorption by the reduced concentration of the main and minor air components [135]. Because of the 
0.8° C or more of warming since the end of the Little Ice Age, much of the global mountain glaciers 
have retreated. The exceptions are Scandinavia [136] and New Zealand [137], where many of the 
mountain glaciers have grown recendy [138]. In the Caucasus and the Himalayas the glaciers are for 
the most part stable [139-141]. Some have bucked the trend, as regional effects come into play (e.g. 
the NAO in the case of Scandinavia) or because of increased or reduced winter precipitation [136, 
142]. Don Easter brook of Western Washington University clearly demonstrated these cyclic changes 
on Mt. Baker, for example. The glacial changes on the mountain are in sync with the PDO (Figure 
5.13) [143]. 
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Figure 5.10 Shrinkage of Arctic sea ice [133], 



Figure 5.11 Arctic ice cover over the last 800 years. Arctic ice reached its maximum during the Little Ice Age. Since the end of 
the Little Ice Age, in about 1850, the sea ice cover has declined [119], 
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Figure 5.12 Comparison of sea ice cover for the Arctic and the Antarctic over the last 30 years. While Arctic sea ice has 
receded, Antarctic sea ice has expanded [134], 

In central Europe the historical glacier extent has been well documented since 1700. In addition, 
there are geological methods of reconstructing the movement of the glaciers. Therefore, it is worth 
taking a look at how mountain glacier movements have reacted to the climate cycles, starting with the 
Medieval Warm Period up to today’s warm period. 

In the Swiss Alps, wood originating from AD 1000 (the Medieval Warm Period) was uncovered as 
glaciers retreated (parts of today’s glacial areas were forested during the earlier times of strong 
glacial retreat) [144]. Indications of massive glacier melts during this phase were also observed in 
Scandinavia [144]. Glaciers grew strongly across the globe during the transition to the Little Ice Age. 
This is documented, for example, in the Alps, Scandinavia, Alaska, Greenland, Iceland, New Zealand 
and Chile [144-152]. Many glaciers experienced their greatest expansion over the last 10,000 years 
during the Little Ice Age [149, 153]. During the transition to today’s modern warming phase, the 
glaciers retreated in parallel with the warming (Ligure 5.14) when mountain glaciers in Montana in 
the 1930s and 1940s melted up to six times faster than today [154]. 

This advance and retreat of mountain glaciers in parallel with the solar Eddy activity cycles (see 
Chapter 3) took place throughout the entire postglacial period [153, 155]. It is also worth mentioning 
that during the warmest phase of the postglacial period, the so-called Holocene Climate Optimum 
4000-8000 years ago, many glaciers retreated dramatically and were considerably smaller than they 
are today, or had even disappeared entirely [146, 148, 156-157]. To allay any fears, a complete melt 
of all the mountain glaciers today would take centuries and cause sea levels to rise by about 0.5 metre 
[158]. 



Figure 5.13 The retreat and advance of the Mt. Baker glaciers in Washington State occurred in parallel with the PDO and 
temperature curve over the last 70 years. Sources: glacier and PDO [8]; temperature: HadCRUT3 moving 12-month mean. 


Sea-level rise 

Currendy the seas are rising a few millimetres a year. This is a global mean value. The sea level 
actually develops very differendy according to location. Who would have guessed that sea levels in 
some regions have even fallen over the last few decades? Deeply buried in AR4 we read that the sea 
level over vast parts of the ocean did fall during the 1993-2003, in the eastern part of the Pacific and 
western Indian Ocean [159]. On the other hand, it rose in other regions. The reasons for the different 
sea level developments include changing ocean currents, which are modulated by wind changes and 


temperature fluctuations resulting from internal climate oscillations. This is how the El Nino cycle 
can cause a sea level variation of about 200 mm. The surface of the sea is not flat, but characterized 
by slightly inclined areas caused by ocean currents. Because of the Coriolis effect, the sea surface to 
the right of the Gulf Stream is about 1 metre higher than to the left [160]. Meanwhile, a 60-year cycle 
and other natural cycles have been detected in the sea level which appear to be linked to longer-term 
ocean cycles, such as the PDO, the AMO and the Arctic Oscillation [161-163]. 



Figure 5.14 Average length of change of 169 global glaciers over the last 300 years. The melting began in around 1820, which 
marked the end of the Little Ice Age and initiated the transition to today’s warm period [138], 

Overall, measured in all regions between 1972 and 2008, the sea level on average rose by about 2 
mm per annum [164]. This is partiy due to global warming of 0.8° C which began around 1820 - 
close to the end of the Little Ice Age, a time when many glaciers had grown considerably. The 
subsequent shrinkage of mountain glaciers and polar inland ice during the transition to the Modern 
Warm Period released huge amounts of water, more or less uniformly distributed over decades, 
which in turn caused sea levels to rise - slowly at first, and later more quickly once the process was 
fully underway (Figure 5.15) [165-166]. The rate of increase then stabilized, beginning around 1900 
[165]. At the same time the oceans expanded due to global warming-induced thermal expansion, 
which provided an important component to the sea level rise [164]. Between 1993 and 2003 thermal 
expansion accounted for about half of the sea level rise. 



Figure 5.15 After a period of stagnation during the Little Ice Age, the sea level began to rise more quickly during the transition to 
the Modern Warm Period. The rate of rise then stabilized during the twentieth century [165], 

Independent of global warming, there is another component that cannot be underestimated. Global 
pumping of inland groundwater and its subsequent discharge into the seas accounts for about 0.3-0.8 
mm/year of sea level rise, or 13-25 per cent [164, 167-169]. And because groundwater extraction 
during the course of the twentieth century increased sharply, thus making the groundwater effect 
increasingly important over the course of time, the direct contribution from climatic factors again 
needs to be revised downwards. 


The current rise in sea level has to be viewed as a part of a multi-year trend since the end of the 
last ice age, when vast areas of northern Europe and North America were buried under sheets of ice a 
kilometre or more thick. They steadily began to retreat 12,000 years ago. The gigantic quantities of 
melt water flowed into the oceans and caused the sea level to rise 120 metres to the present day. The 
rise began at a rapid 14 mm a year but then slowed over time [170]. Today the sea level is rising at no 
more than about 2-3 mm a year. The natural millennial climate cycles strengthened or weakened the 
long-term rate of rise via glacial ice gain or loss. In the German North Sea, the sea level fell 
repeatedly during the cold phases in the last 3000 years [171]. There is in fact evidence that the global 
sea level during the Medieval Warm Period was higher than it is today [172]. 

AR4 is very cautious in its statements on sea level increase. It reaches the conclusion that there is 
only a limited understanding of the causes of sea level increase and thus the report does not offer any 
probability, or see itself in a position to provide an estimate for an upper limit [166]. For the various 
greenhouse gas emission scenarios, a range of 180-590 mm of sea level rise by the year 2100 is 
projected. That is considerably less than the 90-880 mm given in TAR published in 2001 (Figure 
5.16). 



Figure 5.16 With the publication of each successive report, IPCC’s prognoses for sea level rise by 2100 were reduced [173], 

For some IPCC representatives, this development was not dramatic enough. Rahmstorf claims in 
The Climate Crisis that the IPCC understates sea level rise [174]: ‘It is obvious that a sea level rise of 
over one metre cannot be excluded by the end of the century.’ A few sentences later he adds: ‘the sea 
level could rise by as much as 1.4 metres.’ James Hansen, one of the staunchest IPCC supporters, even 
fears that global sea levels could rise 2 metres by the year 2100 [174]. In 2011 Hansen increased that 
estimate to 5 metres [175]. With such projections one certainly can engender fear. 

In order to reach such magnitudes, the authors assume that sea level rise will greatly intensify in 
the future [176]. In the meantime these calculations are turning out to be gross exaggerations, as a 
number of scientists have determined that there has been no increase in the rate of sea level rise since 
1930 [177-179]. James Houston and Robert Dean recendy showed that there has even been a general 
slowdown in sea level rise since 1930 [180]. In doing so, the effect of water exchange between land 
and sea through groundwater extraction or damming at reservoirs was taken into account. The 
authors wrote, somewhat sarcastically, that in order to reach the multi-metre levels projected for 2100 
by Vermeer and Rahmstorf [176] large positive accelerations of one to two orders of magnitude 
greater than those yet observed in sea level data are required [180]. 

Yet Rahmstorf remained undaunted. Based on a study of data from a handful of measurement 
stations off the east coast of the United States [181], Rahmstorf and the Potsdam Institute announced in 
a June 2011 press release, ‘The sea level is rising faster than at any time in the last 2000 years’ [182]. 


A science showdown then took place in the July issue of the Journal of Coastal Research where 
Rahmstorf and Vermeer tried to refute Houston and Dean by claiming that the slight slowdown they 
had found since 1930 was due to the 1940-70 cooling and that only data from the Northern 
Hemisphere had been used [183]. But Rahmstorf and Vermeer once again embarrassed themselves, as 
in the very same issue Houston and Dean pointed out huge errors, namely that the measurements 
Rahmstorf and Vermeer used covered less than 60 years and are thus are subject to decadal 
oscillations that can generate strong sea level fluctuations up and down [184]. Then Houston and Dean 
delivered the knock-out blow: The most recent studies of sea level off the Australian coast show the 
same pattern: a slight slowdown in sea level rise, and certainly no augmentation [185]. It therefore 
comes as no surprise that in New Zealand too no accelerated sea level rise has been found. Over the 
past 100 years the sea level has been rising fairly steadily by 1.7 mm a year [186]. Many other areas 
worldwide do not show the alleged acceleration in sea level rise over the past few decades [187-189]. 
In some areas (e.g. Tasmania and parts of the North Sea), sea level rise has even slowed down 
significandy [190-191]. 

German experts doubt the unusual Rahmstorf results obtained off the east coast of the United 
States. Jens Schroter of the Alfred Wegener Institute, Bremerhaven suspects that the Rahmstorf team 
were misled by vertical coastal movements [192]. According to him, the accelerated flooding of the 
coast under study has little to do with global sea level development, but was the result of the coastal 
area sinking. Others agree [193-194]. From this dispute, we can gather that the warming over the last 
few decades has led to a linear increase in sea level, but that no acceleration in its rise is detectable. 

With his questionable estimation, Rahmstorf concurs with the IPCC, which wrote in its 2007 
report: ‘Global sea level rose steadily over the twentieth century and is rising at an increasing rate’ 
[195]. But here the IPCC overlooks one important aspect: sea level is measured by tide gauges, and 
since 1993 by satellites, which detect changes with respect to the earth’s centre of gravity (Topex, 
Poseidon, Jason). The IPCC is now comparing satellite data (1993-2003) with tide gauge 
measurements (1961-2003). The time-point at which the alleged acceleration began is a cause for 
scepticism. It is ‘improbable that the sea level rise began precisely in the very same year that satellites 
began operation,’ British sea level expert Simon Holgate commented dryly [196]. 

As one would expect, sea level rise has slowed down somewhat since warming ceased in 2000 
(Figure 5.17) as the sea temperature has not risen for over 10 years. As a result sea level rise has 
decreased to 2 mm a year since 2005 [197]. Small fluctuations are superimposed over the linear trend 
of the twentieth century and thus rates always have to be determined over periods of several decades 
and cannot be simply extrapolated [198]. 

Despite this development and actual findings of a highly distinguished scientific research group in 
November 2012, which showed the ‘approximate constancy of the rate of the global sea level rise 
during the twentieth century, which shows small or no acceleration, despite the increasing 
anthropogenic forcing’ [199], the draft AR5 asserts in its Summary for Policymakers, ‘It is very 
likely that the global mean sea level during the twenty-first century will exceed the rate observed 
during 1971-2010’. In Chapter 13 the report projects a sea level rise of 0.29 m up to 0.96 m until 
2100. 
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Figure 5.17 Sea level development over the last 18 years [200], 

Needless to say, sea level is of great importance to the 146 million inhabitants in areas that are 1 
metre or less above sea level. However, most ocean scientists do not envisage an accelerating sea 
level rise over the twenty-first century. Without such an acceleration, sea level would rise only 150- 
270 mm by 2100 [180, 196]. This does not take into account that a temperature increase of 2-4° C in 
all likelihood will not occur, which the IPCC assumes (see Chapter 7). Publicity stunts such as the one 
performed by the President of the Maldives, Mohamed Nasheed, will hopefully soon become things 
of the past. On 17 October 2009, he assembled his Cabinet members in scuba gear for an underwater 
session and passed a declaration dubbed ‘SOS from the frontlines’ [201]. It now appears that this 
Mayday distress call was premature. Scientists from Kiel recendy discovered that the sea level in parts 
of the Indian Ocean have sunk by as much as 50 mm since the mid twentieth century [159]. 

Another curious sea level story took place in the South Seas a few years ago. Since 1997 on some 
of the islands of the Vanuatu archipelago, located east of Australia, the residents of coastal villages 
had been regularly getting wet feet whenever a storm system drove the sea into their homes [202]. 
Their valuable coconut plantations had been repeatedly flooded. The situation got so bad that in 2002 
the island of Tegua began relocating the village of Lataw several hundred metres further inland. In a 
2005 press release the UN Environmental Programme (UNEP) described the residents as the first 
‘climate-change refugees’ [203]. Then UNEP Executive Director Klaus Topfer warned in a report that 
Vanuatu marked the start of an ominous development where rising temperatures, melting ice and 
rising sea levels would lead to extensive damage worldwide [203]. As the hype approached fever 
pitch, some scientists took a closer look. What they found was surprising: the sea’s encroachment had 
less to do with climate change and modest sea level rises, and more to do with the fact that the islands 
themselves are sinking [202]. Vanuatu is located on the boundary of two tectonic plates. In this 
earthquake-prone region, the land may rise and sink abrupdy as well as over the long term. These 
movements may gready exceed sea level dynamics. This is why between 1997 and 2009 some of the 
largest subsidence rates in the world were measured on the Vanuatu islands [202]. UNEP’s climate 
refugees of Vanuatu would therefore be much more appropriately called ‘plate tectonics refugees’, 
victims of deep forces in the earth’s interior which have been moving whole continents for billions of 
years. 

Moreover, it is often forgotten that the atolls are living formations. Coral reefs in principle are 
able to compensate for sea level rise by growing and thus remaining close to the surface. They appear 
to be fully capable of keeping up with rapid sea level rises, as they did during the early phase after the 
last ice age, which the majority of atolls apparently survived. A recent study showed that most atolls 
of the central Pacific have demonstrated considerable growth over recent decades and have remained 
stable despite the current sea level rise in that region [204]. Another country frequendy cited as 



already suffering from global sea level rise is Bangladesh. Here scientists from the Dhaka-based 
Centre for Environment and Geographic Information Services (CEGIS) have produced a big surprise. 
After studying 32 years of satellite images they found that Bangladesh’s landmass has increased by 20 
km 2 annually. 

Even though the sea level debate is abating somewhat everywhere, there are still some stalwarts. In 
early 2011 Hansen boosted his personal horror scenario, warning that sea level would rise a full 5 
metres by the year 2100 [175]. But the scam is starting to fall apart. Climatologists now shake their 
heads at such views and journalists are beginning to doubt the credibility of such apocalyptic 
shenanigans, which have as their sole purpose generating fear for political effect (see Chapter 8). 
Back in 1988 Hansen declared that the sea level would rise 3 metres in 40 years and that parts of New 
York City would be submerged [205]. Twenty-three years later the sea level around New York has 
risen a mere 60 mm. 

In fact, we could have turned our attention to real coastal problems and used the billions of dollars 
spent over decades to make regions like Bangladesh, Pakistan and Southeast Asia, which are 
repeatedly flooded, much safer. Hans von Storch, Director of the Helmholtz Centre for Material and 
Coastal Research, Geesthacht, puts it in a nutshell: ‘Should we allocate huge sums of money for a 
C0 2 reduction so that the water level in Bangladesh rises 10 cm less in 100 years - or should we use 
it to help the people there more effectively by financing protective barriers?’ [206]. 

Cyclonic times 

Another spectacular side effect of global warming, according to IPCC scientists, is the alleged 
increase in storms and high wind events. The IPCC’s 2007 Summary for Policymakers states that 
there are indications of increasing tropical hurricane intensity in the north Atlantic since 1970. 
Hurricanes (also called typhoons or cyclones) form over the oceans in the trade wind zones where the 
sea surface temperatures are more than 26.5° C. A uniform temperature gradient is required over a 
great altitude to enable evaporated water to rise and form large thunderheads. The typical giant swirl 
of a hurricane occurs through the Coriolis effect. 



Figure 5.18 Atlantic hurricane activity (accumulated cyclone energy - ACE) over the last 60 years runs parallel to the 
development of the Atlantic Multidecadal Oscillation (AMO). Based on 5-year (top) and 11-year (bottom) moving averages 
[207], 

Indeed the NOAA clearly shows there was a significant increase in the sum of hurricane strengths 
from 1970 to 2005 (Figure 5.18) [208-209]. Here the NOAA adds up the energy of all hurricanes 
occurring in one year into the ACE (accumulated cyclone energy) index. But one notices that the 
cyclicality is not in line with the IPCC’s climate model. Although the temperature of the sea surface 
between 1950 and 1970 was markedly cooler, there was strong hurricane activity during this period. 


Global warming alone therefore cannot be responsible. Surely the oceanic cycles (e.g. the AMO and 
PDO, which oscillate back and forth between warm and cold phases about every 30 years) must have 
something to do with it. The large synchronicity between hurricane activity and the AMO or PDO 
cycles is impressive [207, 210-213] (Figure 5.18). Hurricane activity has diminished considerably 
since 2005 and is now at levels last seen in the 1970s [214]. This has not changed since ‘Hurricane 
Sandy’, which devastated parts of the Caribbean, the mid-Adantic and northeastern United States 
during late October 2012. ‘Sandy’ was only at category 1 when it struck New York. There may be an 
additional effect from global warming, but this is not yet visible because of the impact of the internal 
oceanic cycles. Despite the warming, no long-term increase in tropical cyclone activity can be 
detected in the historical data series over the last 130 years [215-219]. Meanwhile, even climate 
models show a decreasing tropical cyclone trend [220]. 

In the past, increases were falsely postulated because historical data gaps were misinterpreted as 
low storm frequency, while today’s complete, satellite-based data gave the impression that there is a 
higher storm frequency [215]. Cyclones began to be routinely observed by satellite only in 1970. It 
looks like even the IPCC was fooled by this false interpretation. Therefore, currently no 
anthropogenic influence can be discerned from the historical cyclone data. The frequency, intensity 
and rainfall associated with cyclones all remain within the range of natural variability [215, 221-223]. 
William Gray and Philip Klotzbach explained that in a warming world the temperature of the upper 
atmosphere develops uniformly, along with the temperature of the sea surface. If the atmospheric 
temperature gradient does not change, then there is ‘no plausible physical reasons for believing that 
Adantic hurricane frequency or intensity will significantly change if global or Atlantic Ocean 
temperatures were to rise by 1-2° C’ [224]. 

Other studies suggest that global warming even tends to curb the development of tropical storms 
and cyclones because the warming favours wind shear which forms in the atmosphere owing to the 
different wind speeds and directions. The wind shear causes rising winds to incline, and thus causes 
the chimney effect to collapse [225-227]. NOAA scientist Gabriel Vecchi postulates that increasing 
wind shear could reduce the risk of hurricanes in the Atlantic and east Pacific. Mojib Latif agrees, yet 
points out that future developments depend on whether ‘the tropical Pacific warms up more than the 
tropical Atlantic. If it does, then stronger wind shear would hinder the formation of hurricanes’ [228]. 
As a parallel process, warming also leads to water vapour content increase, which results in a 
slowdown in atmospheric circulation and hence the obstruction of tropical extreme wind development 
[229]. Meanwhile, the IPCC has back-pedalled in its draft 2013 report and has finally admitted that 
there are no significant observed trends in global tropical cyclone frequency. 

The complicated wind 

So what’s the situation with the other catastrophic wind events beyond the Tropics? Today there’s 
hardly a tornado in the United States that isn’t blamed on anthropogenic climate change. As a tornado 
raged over Brooklyn, New York in August 2007, and led to flooding in the subways, American 
climate apostle James Hansen was immediately on site: ‘It is fair to ask whether the human changes 
have altered the likelihood of such events. There the answer seems to be yes’ [230]. However, the data 
tell a different story: strong tornadoes in the United States have declined since the mid 1970s (Figure 
5.19). Between 1967 and 1977 there were on average fifty strong tornadoes a year. Since 2000 there 
have been, on average, only half as many. The first climate report from the Obama administration, 
which in general supported the IPCC position, determined: ‘There are no significant changes in the 
frequency and strength of tornadoes since 1950’ [231-232]. In May 2011 NOAA concluded that ‘it is 
not in a position to connect the main causes of tornado outbreaks with global warming’ [233]. After 


close scrutiny one can even find the AR4 backing this. There it is stated that tornadoes, hail, lightning 
and sandstorms cannot be connected to global warming. How reassuring. In the meantime there are 
indications that the fluctuating tornado activity is controlled much more by natural cycles. La Nina 
events especially are suspected because they carry cold continental air from the north of the American 
continent southwards until it collides with the warm, moist ocean air in the Gulf of Mexico region. 
The collision of cold dry air with warm humid air creates ideal tornado conditions [234]. 

What do things look like in Europe? Here, storm frequency in general seems to be pardy 
decoupled from the temperature development [235-236]. Over the last 130 years storm frequency in 
northern and central Europe has fluctuated within a steady range. There have been two especially 
stormy phases during this period, both having a similar calibre. The first significant storm maximum 
developed in the late nineteenth to early twentieth century and lasted for a few decades [235, 237]. 
Beginning in 1920, despite continued warming, the storms waned and things calmed down for half a 
century, with the exception of a few minor interruptions. Then, beginning in 1980, the tables turned 
once more when the second storm maximum developed and persisted until about 2000 [235]. 
Currendy it is relatively quiet again. Looking back over the past few hundred years, the stormiest 
phases in European history fell in cold phases such as the Little Ice Age [238-240]. Based on this 
historical relationship, storm activity may even decrease in a warming world. 

As the causes for the historical storm activity in Europe are still largely unclear, it is not possible 
to provide a reliable prognosis. According to Jochem Marotzke of the Max Planck Institute for 
Meteorology, Hamburg, all computer models indicate that climate warming will have no effect on the 
frequency and intensity of extra-tropical storms [241]. Many models even show a possible reduction 
in storm frequency [242]. 

The climate models certainly have difficulty dealing with wind and storm frequency [243]. This is 
becoming obvious in the IPCC report. Here the IPCC looked at the pressure difference between 
Iceland and the Azores which is the decisive magnitude for the NAO and plays a dominant role in 
controlling the weather for western and central Europe. This pressure difference was calculated by 
the IPCC as fluctuating from 1900 to 1970 around a constant zero line. In 1970 the NAO then begins 
to rise as a more or less straight line. However, we know that this is false. The NAO fell until 1970, 
then rose until 1990, when it rapidly fell again. What should we make of these models? Why should 
we believe they can accurately forecast what will happen in the future? Even the British Hadley 
Centre, a proponent of the C0 2 hypothesis, is forced to admit that ‘the climate models unfortunately 
do not yet give unequivocal predictions for the future of the NAO’ [244]. So it still remains 
speculation by the late Theodor Landscheidt, an unfortunately mostly ignored solar scientist, who in 
the 1990s postulated a link between the 11-year solar cycle and the NAO [245]. 

Here research into the possible interplay would be urgendy needed because a negative NAO 
brings colder and drier winters with it, and thus drives up the demand for heating energy in Europe 
on the one hand, and water management on the other. Norway, for example, had considerable 
problems meeting its demand for electric heating energy during the cold winters from 1970 until the 
beginning of the 1980s due to low water levels in its reservoirs. Then the NAO index flipped during 
the 1980s up to 1993, and so Norway’s demand for heating dropped while the supply of hydropower 
jumped. Norway is Europe’s largest hydroelectric power producer and benefits from wet winters 
(positive NAO). Southern Europe, on the other hand, receives less rain during positive NAOs, and 
this consequently brings problems for local agriculture, particularly for the wine and olive harvests. 

The NAO has once again been on a downward trend since the start of the twenty-first century, and 
the consequences will be fewer westerly winds, drier summers, and colder and drier winters. The 
2009-10 winter was the coldest in England in 30 years and 2010 had the least wind in over 100 years. 
It is obvious that the changes in the predominantly westerly winds have less to do with global 


warming than they do with the north Atlantic cycles. Even the devastating Russian forest fires referred 
to earlier in this chapter can be connected to the north Adantic cycles. Thanks to the NAO, the 
westerly winds are driven further south over Europe, where the air is heated up and then get carried 
across to Russia. The most important trigger of the Moscow blazes was in any case of manmade 
origin -but of another kind. President Vladimir Putin 4 years earlier had abolished the state forestry 
administration, and with it the ability to locate and fight fires rapidly with its large fleet of light 
aircraft. Instead, poorly equipped private leaseholders and remote regional governments struggled to 
control the devastating fires [246, 153]. 



Figure 5.19 Development of US tornado activity during the last 60 years [247], 
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Cosmic rays and clouds: experiments and observations 


Henrik Svensmark 

Danish National Space Institute, Technical University of Denmark 

The most profound questions with the most surprising answers are often the simplest to frame. One 
is: why is the climate endlessly changing? Historical and archaeological evidence of global warming 
and cooling that occurred long before the Industrial Revolution, and the geological traces of far 
greater variations before human beings even existed, require natural explanations. Regrettably, the 
global sense of urgency about understanding current climate change does not extend to profound 
investigations of natural influences. As a result, a small group of physicists has enjoyed a near 
monopoly in one unfashionable but highly productive line of research for more than 15 years. 

Here the surprising answer about those never-ending natural changes of climate is that galactic 
cosmic rays, atomic particles coming from the supernova remnants left by exploded stars, appear to 
play a major part. Although unseen, unfelt, generally harmless and therefore often ignored, cosmic 
rays are as much a part of our environment as sunlight or rainfall. About two particles go through 
our heads every second, but luckily the air is a good shield. When highly energetic protons and other 
atomic nuclei hit the earth’s outer atmosphere, travelling close to the speed of light, they react with 
nuclei in the gas molecules to make all sorts of atomic particles, most of which are stopped high 
overhead. Survivors reaching the ground include neutrons, commonly counted to gauge the varying 
influx due to solar activity or lack of it, and charged muons, which are mainly responsible for 
ionizing the air at low altitudes. 



Figure 5.A.1 Cosmic ray muons activate an art show called Cosmic Revelation installed at the KASCADE project of the 
Forschungszentrum Karlsruhe. Spread across a field of 4.4 hectares, 252 white cabins contain particle detectors, and 1500- 
watt strobe lights connected to groups of sixteen cabins flash unpredictably as the cosmic rays descend. Artist: Tim Otto Roth. 
Photo M. Breig, Forschungszentrum Karlsruhe. 

This ionization of the air by penetrating cosmic rays helps to form the aerosols, cloud 
condensation nuclei, required for water droplets to condense and create low-altitude clouds. As these 
clouds exert a strong cooling effect, increases or decreases in the cosmic ray influx and in cloud 
cover can significantly lower or raise the world’s mean temperature. This is our central hypothesis 
and it provides a ready explanation for the frequent cooling and warming experienced by our 




ancestors over many thousands of years - most recently in the Medieval Warm Period, the Litde Ice 
Age and the Modern Warm Period of the twentieth century. 

Over 11,500 years, as revealed in the seabed record [1], repeated cold spells coincided with times 
of high cosmic ray influx, recorded by high counts of radioisotopes 14 C and 10 Be, made when cosmic 
rays react with terrestrial atoms. Variations in solar irradiance measured by satellites suggest that they 
would be too small to explain the cooling and warming. An amplifier is needed, and the hypothesis is 
that the cosmic rays are not just a proxy for solar activity but a causal agent. The cold spells occurred 
whenever a magnetically weak sun failed to repel as many of the cosmic rays coming from the galaxy 
as it does when it is most active. 

Experimental results 

Such explorations through time would be less meaningful if there was no clear evidence from 
experiments and observations that cosmic rays really do affect the clouds and the climate, here and 
now. Our experimental work has revealed the existence of a microphysical and chemical mechanism 
by which cosmic rays help to produce aerosols. It is a matter of ion-induced nucleation of micro- 
aerosols, small clusters of sulphuric acid and water molecules, which can then grow into the cloud 
condensation nuclei on which water droplets form. 

In 2005, our team completed the world’s first laboratory experiment on the role of cosmic rays in 
aerosol formation in the basement of the Rockefeller Complex, Juliane Maries Vej, Copenhagen [2]. 
We called the experiment SKY (cloud in Danish) and used natural cosmic ray muons coming through 
the ceiling, supplemented by gamma ray sources when we wanted to check the effect of increased 
ionization of the air. A 7 m 3 reaction chamber contained purified air and the trace gases that occur 
naturally in unpolluted air over the ocean. UV lamps mimicked the sun’s rays and instruments traced 
the chemical events. We were surprised by how quickly the ionizing radiation worked - in a split 
second - suggesting that electrons released in the air act as efficient catalysts for building the micro- 
aerosols (Figure 5.A.2). 

A small-scale (50 litre) version of the experimental chamber confirmed the SKY results at sea 
level, before going 1.1 km underground in the deep Boulby mine in north Yorkshire. Called 
SKY@Boulby, its aim was to investigate aerosol production in the absence of cosmic ray muons, 
which were blocked by the overlying rocks. With the equipment encased in lead, radioactivity was 
effectively excluded from the experiment as well, allowing the team to investigate aerosol formation 
both in the absence of ionization and with controlled ionization using radioactive sources, while 
experimenting with various concentrations of vapours. 
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Figure 5. A. 2 Formation of micro-aerosols (clusters of sulphuric acid and water molecules) in a SKY experimental chamber that 
is ionized by gamma rays simulating cosmic rays. The ionization of the air by gamma rays promotes the formation of micro- 
aerosols. Micro-aerosol formation peaks 20-30 minutes after their source material (sulphuric acid, H 2 S0 4 ) has been provided 
through activating UV lamps that form sulphuric acid from sulphur dioxide (S0 2 ). This mimics the natural formation of sulphuric 
acid from sulphur compounds in the real atmosphere. Sulphuric acid concentration reaches a maximum before decaying. 

We then adapted the SKY@Boulby chamber for exposure to a beam of energetic electrons from 
the ASTRID accelerator at Aarhus University, simulating cosmic rays. Again we detected the 
production of micro-aerosols and were able to show that the results were no different from what we 
obtained using gamma rays to ionize the air [3]. Shortiy after publication of the Aarhus results, 
independent support for our findings came in the summer of 2011. A large international collaboration 
at the European Organization for Nuclear Research, CERN, announced findings of the CLOUD 
experiment, which also uses a beam of accelerated particles [4]. These results were very satisfactory 
for our hypothesis, and confirmed and extended our experimental results by showing an 
amplification of the formation of small aerosols by ions by a factor of 10 or more. 

Although the results of both SKY and CLOUD point to the existence of a micro -physical 
mechanism that links ions and aerosol formation, they do not reveal how important the mechanism is 
in the real atmosphere. An argument advanced against an important influence of cosmic rays on 
clouds is that any effect may be drowned out in the real atmosphere by other sources of aerosols. So 
an important question is whether a significant fraction of the small of ion-induced aerosols grows to 
cloud-seeding size. Following our own experiments in 2005, we looked to the real atmosphere for 
enlightenment. 

Cosmic rays, aerosols and clouds in the real atmosphere 

It turns out that the question of aerosol growth and effects on low-level clouds can be answered by 
what one can call ‘natural experiments’ where solar explosions (coronal mass ejections) send out 
plasma clouds that shield the earth and cause the cosmic ray flux to decrease within half a day. The 
largest of these Forbush decreases, as they are called, cut the cosmic ray ionization by about 10-15 
per cent. Obviously, one should look for an impact on the earth’s aerosols and cloud cover following 
such events. 

Our results published in 2009 [5] show clear effects in cloud properties following the sudden 
decrease in cosmic ray ionization. In fact, the whole chain from solar activity to cosmic rays 
ionization to aerosol impact to cloud properties could be observed for the stronger events. The effect 


is quite large - nearly 7 per cent loss in cloud liquid water averaged over the five strongest events. 
That translates into the loss of about 3 billion tonnes of liquid water from the sky. The water remains 
there in vapour form, but unlike cloud droplets it does not get in the way of sunlight warming the 
ocean. 

An important preliminary step was to calculate changes in ionization in the lower atmosphere due 
to each Forbush decrease considered, using responses in about 130 neutron monitors worldwide and 
in the Nagoya muon detector to compute the changes in the primary cosmic ray spectrum in the 
earth’s vicinity. To see the effect of cosmic ray loss on aerosols in the atmosphere, we turned to the 
data from the solar photometers of the AERONET programme, widely scattered around the world, 
which record changes in the intensity of sunlight at different frequencies. With fewer fine aerosols in 
the lower atmosphere to scatter it, more violet light reaches the photometers at the earth’s surface. As 
expected, in the aftermath of major Forbush decreases the AERONET data revealed falls in the 
relative abundance of fine aerosol particles which, in normal circumstances, could have evolved into 
cloud condensation nuclei. 

The effects on low-altitude liquid water clouds were traced using three independent sources of 
satellite data. The Special Sounder Microwave Imager (SSM/I) observes changes in the cloud liquid 
water content (CWC) over the world’s oceans. The Moderate Resolution Imaging Spectroradiometer 
(MODIS) on NASA’s Terra and Aqua satellites gives the liquid water cloud fraction (LWCF). The 
International Satellite Cloud Climate Project (ISCCP) provides data on infrared detection of low 
clouds (below 3.2 km) over the oceans. The main results are summarized in Figure 5.A.3. 

There have been a few papers on this subject that dispute our 2009 results, but on close analysis 
there is no contradiction. We have always emphasized that meteorological ‘noise’ due to the natural 
daily variability of the weather tends to mask the effects of relatively weak Forbush decreases and the 
critics have relied on weak events to deny any effect of cosmic ray variations. Indeed, the fact that the 
detectable impact is proportional to the magnitude of the decreases supports our hypothesis rather 
than refutes. 
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Figure 5.A.3 Short-term solar explosions typically lead to a significant decrease of the cosmic rays arriving in the earth 
atmosphere (Forbush decreases). Satellite data indicate that a few days after the cosmic ray decrease a reduction occurs in 
the aerosol concentration (AERONET), cloud water content (SSM/I), liquid water cloud fraction (MODIS) and the low cloud 
coverage (ISCCP). The illustrated data are averaged for the five strongest Forbush decreases that the datasets have in 
common between 2000 and 2005. The broken red line is the average of cosmic ray neutron counts at the Climax (Colorado) 
station. 

Recent support for our results comes from a study that uses routinely observed changes of the 
diurnal temperature range (DTR) as a proxy for cloud variations [6]. Reductions in cloud cover tend 
to have a warming effect by day and cooling at night, thereby increasing the DTR. The advantages of 
this approach are first, that it is not confined to the satellite era for data on cloudiness; and second, it 
extends the analysis to continents (where there are most weather stations) in contrast to the primarily 
oceanic data used in our 2009 report. When Aleksandar Dragi and his colleagues at the Institute of 
Physics, Belgrade selected the thirteen strongest Forbush decreases between 1954 and 1995 (with 


more than 10 per cent reduction in cosmic rays) and looked at meteorological data from 184 stations, 
they found that in the days following the fall in cosmic rays, the DTR in Europe increased on average 
by 0.6° C - an impressive result. 

There is, therefore, strong support for the existence and importance of the experimentally found 
link between cosmic ray ionization, aerosols and clouds, in response to variations in solar activity. It 
continues to offer the simplest explanation of why the frequent cooling and warming during the last 
11,500 years have followed solar-induced variations in the cosmic ray flux, through to the Medieval 
Warm Period and the Litde Ice Age. Even in the Modern Warm Period of the twentieth century, 
cosmic rays continued to have a significant impact (see Shaviv in Chapter 3). 

Discussion of the solar influence on climate via cosmic rays is complicated by lesser solar effects 
due to changes in total irradiance or ultraviolet intensities. An unambiguous perspective comes from 
a totally different cause of much larger changes in the cosmic ray flux, namely the variation over 
millions of years in the rate of supernova explosions in the vicinity of the solar system. Strong 
evidence links the changing flux to the alternations between ‘hothouse’ and ‘icehouse’ conditions 
over geological time (see Chapter 6). 
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6. The misunderstood climate amplifiers 


Small causes, huge effects 

At first glance the major climate drivers do not appear to change much. The energy emitted by the sun 
fluctuates a lowly 0.1 per cent over the course of an entire decade, and the annual anthropogenic 
contribution to atmospheric C0 2 concentrations is a measly 2 ppm (0.0002 per cent). Yet both climate 
factors have the potential to exert a significant impact on the climate. The reason is that nature has 
multiple amplification processes that can magnify small signal changes into major impacts. It is 
similar to how an electronic microphone functions. The human voice produces sound waves, which 
in turn produce vibrations that are converted into electrical signals in the microphone. These signals 
are measured in millivolts which the microphone amplifier multiplies a thousand times to a few volts. 
Now the signal can be processed by mixers, recorders and small speakers. Further amplification 
makes the speaker’s voice audible in large stadiums. 

In general, amplification is nothing more than a small output signal modulating and controlling 
another much more powerful process. Here the term positive feedback is often used. (The opposite is 
negative feedback, indicating a powerful signal is weakened.) In the earth’s climate system, both 
feedback types are found and play a crucial role. Research into climate feedback systems today, 
however, is still very much in its infancy, and this means quantitative relationships are poorly 
understood and defined. This leads to great difficulties in producing reliable climate models. Despite 
inadequate knowledge, feedback processes are very important elements in IPCC models. And because 
of the highly selective and non-transparent choice and dimensioning of the feedback elements in the 
IPCC models, the models often come under attack from critics. 

While the IPCC models take the possible feedback effects that amplify C0 2 into account, they 
ignore the feedback and amplification effects that magnify the sun’s influence - cosmic rays or UV. 
Who would have guessed that, without its poorly determinable water vapour amplifier, C0 2 is only 
about 1° C of warming for a doubling of C0 2 concentration? The climate impact of C0 2 only 
skyrockets to the worrisome levels of up to 4.5° C when a substantial water vapour amplifier effect is 
added to the models [1]. If it turns out that the water vapour amplification is grossly exaggerated, then 
society will be able to breathe a sigh of relief and focus on other more pressing problems, such as 
hunger, disease or water shortages. The amplifier effects are therefore the key question in the 
scientific and political dispute over whether we are drifting towards a dramatic manmade climate 
catastrophe or whether we have to prepare for a natural climate change that is only influenced by man 
in a minor way. In this chapter we consider the most important candidates for natural climate 
amplification processes and discuss their potential magnitudes in the poorly understood climate 
equation. 

The ominous water vapour amplifier 

Because it absorbs a broad spectrum of long-wave radiation, water vapour is the most important 
natural greenhouse gas in the atmosphere [1-2] (Figure 6.1). The other greenhouse gases, among 
them C0 2 , play only a subordinate role because water vapour absorbs a large part of the solar 
irradiative energy: 66-85 per cent of the natural greenhouse effect can be traced back to water vapour 
and small droplets in clouds. 

The IPCC assumes that a small, manmade warming leads to an increased water vapour 



concentration in the atmosphere [1] because the capacity of air to absorb water vapour rises 7 per cent 
with each degree Celsius of temperature increase. In other words, warmer air holds more water 
vapour - and there is no shortage of water vapour because the evaporation rate also rises at higher 
temperatures, so more water vapour is mobilized and supplied to the atmosphere. 

Temperature increases of every type could therefore be amplified multiple times due to the 
potential coupling with the water vapour concentration and the powerful greenhouse effect of water 
vapour. Because the water vapour amplifier is indifferent to what originally led to the warming, the 
process is not limited to warming from greenhouse gases like C0 2 . Clearly, it has to apply to all 
climate drivers. It makes no difference whether a temperature increase is due to C0 2 or to the sun; the 
water vapour amplifier has the same effect for both. 

The real question is whether water vapour amplification exists at all in its described manner and 
simplicity. Recall that the earth is characterized by complex feedback processes. Some act to dampen, 
while others act to amplify. In its models, the IPCC considers only the positive water vapour feedback 
processes with varying degrees of magnitude. The other possibilities are missing from the IPCC 
approach. Some experts find that it is entirely possible to have negative water vapour feedback in the 
interplay among climate factors [3]. According to them, more sunlight-reflecting clouds are 
produced as water vapour concentrations rise; thus increased water vapour could act to dampen 
temperatures. 

Avast array of processes complicates the calculation of water vapour feedbacks: 

l.It is true that the maximum possible water vapour saturation rises as temperatures rise. But 
if insufficient water vapour is produced - for example, over arid regions - then the water vapour 
concentration in the atmosphere cannot increase in these areas. 

2. Warmer, moisture-saturated air masses rise, then cool, and thus lose water vapour in the 
form of rain and cloud formation. When the air sinks back down and heats up again, it is no 
longer saturated with water vapour. The strength of the water vapour feedback thus also depends 
on the movement of air masses [4]. 

3. Higher temperatures could also lead to an increase in low cloud cover via enhanced water 
vapour formation. Low clouds act as an effective parasol and reflect about half of the solar 
energy back into space. Additional earth-cooling low clouds stemming from rising temperatures 
could then suppress the C0 2 greenhouse warming [5]. 

4.Indications of an additional dampening effect were found by a research group led by 
former IPCC author Richard Lindzen [6]. In the western tropical Pacific they observed that high 
atmospheric cloud cover systematically decreased as the sea surface warmed. Clouds in the high 
atmosphere act as a cap for heat radiating from the earth. Fewer high clouds allow more heat to 
escape into space. Like a safety valve, a part of the sea surface warming could be offset by the 
increased thermal radiation escaping into space because the higher temperatures may lead to 
higher precipitation discharge of high atmosphere clouds. Because high atmosphere clouds 
hardly prevent the sun’s radiation from penetrating, the amount of energy radiating from the sun 
also hardly changes. All in all, cloud and water vapour feedbacks are still poorly understood and 
represent a weakness in the current climate models [7-10]. 

C0 2 climate forcing, with and without amplification 

It cannot be emphasized enough that without assuming a C0 2 amplification mechanism, only an 
unspectacular 1.1° C of warming would theoretically occur for a doubling of the atmospheric C0 2 
concentration [11]. This is recognized and accepted for the most part by both sides of the debate. 


C0 2 ’s alleged climatic threat comes from the IPCC assuming a massive amplification process for the 
climate gas. Water vapour and clouds, and snow and ice cover to a lesser extent, are alleged to be the 
amplification factors that act to compound C0 2 ’s greenhouse effect. Although the feedback 
mechanisms are still poorly understood, the IPCC uses the amplification process with little hesitation 
[4]. This is the only way the IPCC is able to make C0 2 look dangerous. In AR4 (2007) IPCC assumes 
that a doubling of C0 2 leads to a global temperature increase of 2-4.5° C. The 2013 draft report 
sticks to that range [12]. Depending on the scenario, about 50-80 per cent of this temperature rise 
would supposedly be caused by the amplification process alone and only 20-50 per cent would be 
caused by the unamplified C0 2 original temperature signal [13]. The threat from the climate 
scenarios comes from arbitrarily assigned massive positive feedbacks. The dependence of the 
climatic C0 2 effect on this amplification process is little known to the public and is not actively 
communicated by IPCC scientists. 

Possible negative feedback scenarios such as the one postulated by Lindzen, which would dampen 
the warming rather than enhance it, have not been taken into account in IPCC climate models so far. 
According to Lindzen, a doubling of atmospheric C0 2 concentration (a rise of 100 per cent) and 
taking all feedbacks into account would lead to a warming of only 0.5-07° C [3]. That means natural 
dampening processes may absorb up to 0.6° C of the 1.1° C of warming for each doubling of 
atmospheric C0 2 concentration. In that case C0 2 could not have been the main cause of the warming 
that has occurred so far. Rather, C0 2 could have been responsible for less than half, perhaps a third, 
of the 0.8° C temperature increase we have witnessed over the last 150 years. 

Further evidence for negative feedback processes have come from satellite-based measurements 
of the Earth Radiation Budget Experiment (ERBE) [3, 14]. The data has shown again that energy 
radiated by the earth increased noticeably in the Tropics whenever sea surface temperatures rose. That 
means a part of the warming energy escaped into outer space and thus to some extent put the brakes 
on the earth’s temperature rise. At higher latitudes the dampening effect may be less distinct, but a 
strong amplification does not occur there, according to Lindzen’s group (see Chapter 5). 

It had to have been a political decision to keep the non-alarmist side of the C0 2 -climate sensitivity 
spectrum out of the IPCC models. Frustrated by the IPCC’s stubborn adherence to its alarmist 
scenarios, Lindzen resigned from the group in 2001. Is this how the IPCC consensus opinion is 
reached? This scientific deficiency has been a sad but recurrent theme in all the IPCC’s works: 
inconvenient scientific results and models that show manmade greenhouse gases play a small role are 
either dismissed or suppressed. 

Slippery and hyperactive: the water vapour development 

It would be very interesting to compare the global water vapour development of the last 100 years to 
the temperature curve. Has water vapour concentration risen parallel to the long-term warming? If so, 
by how much? The results of such an analysis could indeed shed some light on the ominous water 
vapour amplifier. Unfortunately, that is easier said than done. Water vapour is not an easy matter to 
deal with [15]. It is very unevenly distributed throughout the atmosphere and involves profound 
differences, even in limited spaces, over both area and altitude. In addition, water vapour is in a 
constant state of flux. The wind blows it up mountains, where the air mass cools and a part of the 
water vapour is lost as clouds and rain. By the time it descends back down into the valley, the water 
vapour concentration has already changed dramatically. 

How can one determine a sensible mean value for water vapour with so many small-scale and 
short-term changes, and those on a global basis? Surface stations measure useful time-series, but only 


for a fixed point and for a certain altitude. Weather balloons give detailed vertical altitude profiles, 
but only at one point and at fixed times. Satellites, on the other hand, are able to cover and measure 
vast regions on a regular basis, yet data points that measure many square kilometres are much too 
crude for small-scale, highly dynamic water vapour events. Unlike weather balloons, satellites cannot 
record detailed vertical profiles and form an average over wide altitude intervals. Due to the 
numerous problems involved, we should anticipate that lower atmospheric water vapour will remain 
difficult to measure in the future. Within the NASA Water Vapour Project a data set is currently being 
compiled which it is hoped will shed light on the water vapour development in the atmosphere. Initial 
results indicate that the water vapour content of the total atmosphere has slightly decreased over the 
past 10 years [16]. 

Fortunately, water vapour conditions in the stratosphere are much simpler, so reliable 
measurements are available. Stratospheric water vapour concentration increased significantly during 
1980-2000. Then, beginning in 2000, water vapour concentration in this middle atmospheric layer 
decreased and remained at a widely fluctuating plateau value [17-19] (Figure 6.1). The stratospheric 
water vapour development shows a striking similarity to the temperature development of the lower 
atmosphere (troposphere) over the same period. Also, the surface temperatures increased 
considerably between 1980 and 2000 before levelling out, beginning in 2000. The synchronicity of 
the curves indicates that the climate processes of the stratosphere and troposphere may be coupled 
although the exact relationship remains unexplained, particularly the fundamental question of whether 
the warming causes the stratospheric water vapour increase effect [17]. Nevertheless, the 
synchronicity tells us that there are processes that connect these two atmospheric layers. This finding 
is especially interesting for the solar UV amplifier discussion where increased UV radiation during a 
solar activity maximum significantly heats up the stratospheric ozone layer. However, the temperature 
increase transfer to the underlying troposphere is still under investigation (see below). 

Overall, there are strong indications that solar activity has an impact on the water vapour 
concentration of the high atmosphere. Interestingly, the specific water vapour concentration at 10 km 
in the upper troposphere pulsed in close synchronicity with solar activity during the past 60 years 
(Figure 6.1) [20]. 

The sun and its helpers 

The solar-pulsed water vapour trend in the stratosphere is another sign that the sun plays a significant 
role in a host of climatic subsystems, and does so while the variation in total irradiance is only 0.1 per 
cent over an 11-year solar cycle. How can that be? And why has solar activity been able to leave such 
a significant mark on the climate development of the last 10,000 years [21] even though the IPCC 
avers the sun has little influence today? One may be surprised to learn that even a research group led 
by one of the co-authors of the infamous hockey stick curve, Raymond Bradley, explicitly emphasizes 
the importance of the sun for climate development today. In 2006, Bradley’s PhD student Anne Waple 
wrote in her dissertation that she was able to find clear indications that relatively small changes in 
solar radiation significantly influence the climate, over both 100-year and decadal scales [22]. So just 
how could a connection between the sun and the earth’s climate, which would explain the observed 
historical synchronicity of both systems, function in detail? 



Figure 6.1 The specific water vapour concentration at 10 km fluctuated over a wide range in parallel with solar activity [20], 

First, scientific findings postulate a significantiy stronger fluctuation in solar energy output over 
the last 1000 years [23] (see Chapter 3). This could raise the solar base signal by a factor of 6 
compared to the IPCC’s assumptions. Independent of this, there are also strong indications that two 
pre-amplification mechanisms are at work in drastically increasing the original solar signal. The 
processes are for the most part independent of each other and may operate in parallel. These are the 
UV effect in the ozone layer or stratosphere and a chained mechanism by which the strength of the 
solar magnetic field indirectly influences the earth’s cloud cover via cosmic rays. Once the work is 
done by the two amplifiers, the water vapour master amplifier must be added and thus provides the 
final temperature result of the feedback chain. As seen with the example of stratospheric water vapour 
content, the sun has the ability to influence water vapour concentration. 

The UV amplifier 

We briefly considered the UV amplifier in Chapter 3. The UV part fluctuates within the eleven-solar 
cycle with a magnitude that is far greater than that of total irradiation, by a few percentage points 
[24-27] compared to the 0.1 per cent change for total solar irradiance. The raised UV radiation 
during the solar activity maximum spurs the formation of ozone at altitudes of 50-15 km. A large 
number of oxygen molecules (0 2 ) are converted into ozone (0 3 ) via the added UV energy input. A 
higher ozone concentration in turn catches more UV radiation and converts the energy into heat, 
which then leads to warming of the ozone layer and the stratosphere. Satellite measurements over the 
last few years have documented corresponding changes in ozone concentration and temperature in the 
stratosphere, and even to a certain extent in the ionosphere above (Figure 6.2; see Chapter 3). This 
part of the UV amplifier is becoming clearer. UV warms in the stratosphere. Infrared and the visible 
spectrum of light, on the other hand, warm the lower layers of the atmosphere. 

Scientists are now looking for a process that connects the powerful stratospheric fluctuations to 
the tropospheric climate under 15 km [29]. Here they have identified two possible mechanisms that 
may be working in tandem. First, it appears that the UV warming of the ozone layer generates 
anomalies in the atmospheric temperature gradient, which in turn cause changes in the tropical 
circulation systems of the lower atmosphere and shifts in precipitation zones [25, 30-33]. The 
increased solar radiation warms the ocean water in parallel which, in connection with powerful trade 
winds, leads to fewer clouds in the Tropics. This in turn allows more solar radiation to reach the 
surface and warm the ocean [25, 34]. 
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Figure 6.2 The temperature of the stratosphere fluctuates in sync with the 11-year solar cycle [28], 

While the first process manufactures the connection between the stratosphere and troposphere, the 
second delivers an additional amplification contribution to the total effect of solar changes. Recent 
studies have corroborated the existence of a link between the stratosphere and climate in the 
troposphere. Ozone changes due to solar activity variations have been shown to affect the winds south 
of Greenland and in parts the Southern Hemisphere [35-36]. 

UV amplification effects have not been included in the IPCC models so far. Moreover, changes in 
the individual spectral classes of solar radiation are insufficiendy differentiated by the IPCC, and 
hence the UV effects cannot be adequately taken into account [26]. 

The cosmic ray amplifier 

In addition to the UV amplifier, there is another very remarkable amplification process triggered by 
changes in solar activity that is now the focus of research. One of the studies is taking place at the 
CERN facility in Geneva, where a comprehensive series of experiments is being conducted as part of 
the CLOUD Project [37]. The cosmic ray amplifier is based on the linkage of multiple intermediate 
steps. In principle the average cloud coverage of the earth changes in sync with solar activity so that 
the clouds act as a parasol that cools the earth, to varying degrees. 

Everything starts with the sun. The sun’s magnetic field fluctuates with solar activity. The solar 
magnetic field encompasses the solar system and thus the earth, thereby shielding it from cosmic rays 
from outer space. The stronger the sun’s magnetic field, the more it shields the earth from the flux of 
cosmic rays. It is precisely these cosmic rays that appear to be the decisive switch for the earth’s 
climate for it is suspected that cosmic rays provide part of the cloud condensation nuclei needed for 
forming low-level clouds for the first 3 km of the atmosphere above the earth’s surface. The charged 
cosmic ray particles trigger the condensation of atmospheric water vapour, similar to what happens 
inside a condensation chamber. 11 

In a nutshell: the weaker the solar activity, the weaker is the sun’s magnetic field, and so the weaker 
is the shield protecting the earth from cosmic rays. This means more cosmic condensation nuclei are 
able to penetrate the earth’s atmosphere, which in turn leads to more condensation and thus to an 
increase in the formation of cooling clouds (Figure 6.3). It’s an interwoven structure of dependent 
processes, yet it seems a very effective one. The 11-year solar cycle’s weakly fluctuating solar 
irradiation is in this way overshadowed by the much more powerful fluctuating solar magnetic field. 
The argument that looks only at the minimal 0.1 per cent solar irradiation fluctuation is simply a 
stratagem to divert attention from the powerful impacts of the solar magnetic field. 

The solar radiation amplifier model was developed by the Danish physicist Henrik Svensmark in 
cooperation with Eigil Friis-Christensen beginning in the late 1990s [38-41]. Svensmark’s model was 
met by stout resistance - criticism that was less factual and professional than personal. What on earth 
was he thinking of, playing down dangerous C0 2 ? Indeed, if Svensmark’s model is confirmed by 
further research, it would mean nothing less than C0 2 having been given a far too prominent role as 


a climate factor for years. Even more embarrassing, it would mean that policy makers had 
prematurely used the IPCC’s C0 2 -centric model as the basis for major decisions. 
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Figure 6.3 This is how Svensmark’s solar amplifier model functions. Fluctuating solar activity changes the solar magnetic field, 
which regulates the cosmic rays reaching the earth’s surface. The cosmic particles are suspected of acting as condensation 
nuclei for forming low clouds that cool the earth. Through this chain, the sun gains its climatic importance, as evidenced by the 
high level of synchronicity between temperatures and solar activity [42], 

No one need wonder why Svensmark’s model has not found its place in any of the IPCC climate 
models. It is a major threat to the IPCC’s overall thrust. The mechanism was mentioned briefly in 
AR4, but was prompdy dismissed as improbable. It’s yet another example of the IPCC limiting the 
scientific spectrum of possibilities at an inconvenient place, despite mounting scientific evidence. The 
Svensmark amplification model may be a decisive key that explains how the sun has been able to 
impact the earth’s climate so profoundly in the past, even though the primary solar irradiance 
variability appears at first glance to be small. We shall now explain the individual elements of the 
cosmic ray amplifier in more detail and discuss the chain of evidence. 

The sun’s magnetic field 

The starting point of Svensmark’s amplification process is the sun’s magnetic field. As for the 
dynamo principle, the movement of ionized particles in the sun’s interior generates electric currents 
that lead to the formation of a powerful magnetic field [43-44]. The magnetic field on the sun’s 
surface is about twice as strong as the earth’s magnetic field. The strength of the sun’s magnetic field 
is therefore closely coupled to the sun’s activity. During maximum solar activity, the sun’s magnetic 
field strengthens, and when solar activity subsides, the sun’s magnetic field weakens. Not only do 
solar irradiation and the number of sunspots change during the 11-year cycle, but so does the sun’s 
magnetic field (Figure 6.3). 

The magnetic field of a quiet sun more or less corresponds to a dipole field, which reverses 
polarity about every 11 years. After approximately 22 years, the original alignment is restored. This 
is also the cause of the 11-and 22-year solar cycles (the Schwabe and Hale cycles). During turbulent 
phases, the solar magnetic field is strongly distorted and takes on a very complex configuration. The 
gigantic solar magnetic field expands well beyond the orbit of Pluto, past the solar system’s 
outermost planets some 7 billion km away. 




The sun rotates about its own axis. And because it consists exclusively of mobile gases and 
plasma, the sun needs only twenty-five days for one revolution at the equator, while the polar areas 
need ten days longer to complete a full revolution. Because of the sun’s rotation, the magnetic field 
lines extend through interplanetary space as a giant spiral, the so-called Parker spiral. Charged 
cosmic ray particles normally follow the solar magnetic field lines as they travel through the solar 
system. 

During an 11-year solar cycle, the strength of the sun’s magnetic field varies by a factor of two 
[45-46]. But even more decisive is the observation that the mean strength of the solar magnetic field 
more than doubled between 1901 and 1995 [47-48]. Over this period cosmic rays striking the 
atmosphere became ever more effectively batted away from the earth, and so fewer cooling-type 
clouds were produced. This magnetic trend coincides with the main phase of the modern climate 
warming. This is little known among the public and is certainly not brought into the discussion by the 
proponents of the IPCC C0 2 -centric models, unless demanded. So it comes down to one question: 
How much does each factor contribute to warming? We have two possible climatic control factors 
that have significandy increased over the last 100 years or so: C0 2 concentration and the solar 
magnetic field (which is a measure of solar activity) (Figure 3.8). Looking at the overall trend, either 
one alone could be responsible for global warming. However, it is more likely that it is a 
combination of the two, which now can be narrowed down using scientific methods. The IPCC 
currently assumes that the trigger for the warming is about 95 per cent manmade C0 2 and 5 per cent 
sun. The historical synchronicity between solar activity and the climate development during pre- 
industrial times, however, strongly suggests that the sun plays a much greater role in the climate 
equation. 

An increase in solar activity can be observed in a number of ways, and hence it can be determined 
by measuring several parameters. In addition to a strengthening solar magnetic field, the number of 
sunspots also increases and the radiation striking the top of the earth’s atmosphere intensifies. All this 
can be measured by satellites. Moreover, historical cosmic ray intensity can be measured in ice and 
sediment cores, and they show a decrease during phases of strong solar activity. All these solar 
indicators for the most part run parallel to each other. Nevertheless, there are some interesting 
deviations which indicate that each of these magnitudes reacts slightiy differently to solar activity 
fluctuations. Therefore, reconstructing solar activity using sunspot observations, solar magnetic field 
measurements or other parameters yields slighdy different results at detailed levels, and thus they 
have to be taken into account when using different methods and when comparing data [28, 49]. 

Notable here is the discrepancy surrounding solar cycle 19 around 1960, when sunspots reached 
their highest value of the twentieth century. However, this was not the case for the solar magnetic 
field, which reached its maximum during 1980-2000 (Figure 6.4). 

This is especially interesting because we see that the main 1980-2000 warming period occurred 
precisely during the solar magnetic field maximum. Perhaps this is an indication that the solar 
magnetic field plays a far greater role than changes in the primary electromagnetic solar irradiation 
output. C0 2 -based climate models are unable to reproduce the cooling period from 1945 to 1975 
properly. Up to now the strong solar cycle 19 has been used as evidence to show that higher solar 
irradiation contradicts the cooling of this period. But if the IPCC had considered the impact of the 
sun, it would have noticed the significance of the solar magnetic field. But then it would not have been 
able to load extreme C0 2 impacts into the models. Ultimately, policy makers would have been forced 
to address how to protect the planet from the vagaries of a sometimes ‘hot’ and sometimes ‘cold’ sun. 

Due to its possible climatic significance, it is clear that more precise data on the development of 
the solar magnetic field are necessary. Nevertheless, direct measurement of the solar magnetic field at 


the surface of the sun is complicated. The joint Ulysses probe of the European Space Organization 
and NASA orbited the sun over the poles and measured the magnetic field in the vicinity of the sun 
from 1994 to 2009. However, Ulysses did not have any instruments to record direcdy the magnetic 
field at the sun’s surface. This is one reason why the European Space Organization plans to launch the 
200 million euro Solar Orbiter space probe in 2017 to measure the magnetic field of the sun’s surface 
at close quarters and in detail. Measurements taken by the probe may improve our understanding of 
the relationship between the sun and climate. 
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Figure 6.4 The temperature curve follows solar activity over the last 150 years with remarkable synchronicity. The sunspot 
record, however, shows a discrepancy in the 1950s and 1960s. But if the solar magnetic field is used as a measure for solar 
activity, then once again a good agreement with temperature is observed, possibly indicating the importance of the solar 
magnetic field (represented here by the aa proxy) in this process. The 11-year solar cycle is calculated using a 23-year mean 
smoothing [50], 

The earth’s magnetic field as a junior partner 

Like the solar magnetic field, the earth’s magnetic field acts as a shield against cosmic rays [51]. A 
change in the earth’s magnetic field, therefore, has the potential to influence the climate. A study by a 
French team appears to confirm this [52]. Over the course of thousands of years, several 100-year 
phases occurred where the dipole axis of the earth’s magnetic field tilted. Characteristic climate 
changes in Europe (i.e. glacial advances in the Swiss Alps) occurred precisely at these times. 

It is very little known that the magnetic poles are in constant movement. A thousand years ago the 
magnetic pole was located over the Siberian archipelago of Severnaya Zemlya; today it is located in 
northern Greenland [53]. And the magnetic pole continues to wander - every day it moves another 90 
metres. Because charged cosmic particles first reach the earth at the magnetic poles, the shifting of the 
magnetic pole should lead to local changes in incoming cosmic rays in the Arctic and Antarctica, as 
well as at the middle latitudes. These effects need to be taken into account and deducted when it comes 
to global climate observation and solar activity fluctuations [53-57]. 

Cosmic rays as a climate factor 

The vast expanses of space are constandy flooded by electrically charged particles that have their 
origins in rotating neutron stars, supernovas and black holes [58]. This is what we call cosmic rays or 
cosmic radiation. Only a tiny part of the particle stream is contributed by the sun [54]. Excluding the 
sun’s share, the remainder is known as galactic cosmic rays. The energy that is transported by cosmic 
rays to the earth’s atmosphere is negligible; however, cosmic rays are the main source of ionization 
in the troposphere and the lower stratosphere, and thus play an important role in the formation of 
clouds that cool the earth [59]. 

Even though the solar magnetic field provides a protective shield as they journey through space, 


some cosmic rays collide with the earth. However, the stronger the sun’s magnetic field, the fewer the 
number of cosmic particles that succeed in penetrating deep into the earth’s atmosphere. Because of 
the solar magnetic field’s great influence on the number of cosmic rays reaching the earth, the latter 
is often used as a measure of the sun’s activity. 

The atmosphere forms the earth’s second line of defence against cosmic rays. Here the cosmic 
particles crash into atmospheric particles and are thus transformed [54, 60]. The greater the density of 
the atmosphere, or atmospheric pressure, the greater the number of particle collisions that take place, 
and so the more the cosmic rays are weakened. 

Cosmic rays in sync with the sun’s activity 

The strength of the cosmic rays reaching the earth has been measured globally by a series of neutron 
monitor stations since the International Geophysical Year in 1957 [61]. The development of cosmic 
rays is characterized by the 11-year solar cycle (the Schwabe cycle) [58]. Nevertheless, the 
development of cosmic radiation lags behind solar activity by 3-10 months [58], resulting in a slight 
delay mechanism. 

Using neutron monitors in addition to the 11-year cycle, we can recognize another long-term trend 
in the cosmic ray curves. Using the Kiel station as an example, we see that the cosmic rays during the 
cold phase of the 1970s was extraordinarily strong and that it dropped successively from one 
Schwabe cycle to the next during the subsequent 1980-2000 warming period [62]. The minimum of 
each successive cycle was weaker than the one before (Figure 6.5). Did the decline in cosmic rays 
during this period lead to fewer clouds and hence warmer temperatures? Was it pure coincidence or 
an indication that there is something behind the Svensmark Mechanism which has attracted so much 
criticism in the past? During the first decade of the twenty-first century cosmic rays in Kiel increased 
again. And around the same time the global mean temperature stopped rising and has been static at a 
plateau ever since. More cosmic rays means more low clouds, which means less solar radiation 
reaching the earth’s surface, which leads to lower temperatures. This development fits well with 
Svensmark’s theory. The trends of the neutron station at Kiel are not just a flash in the pan. Similar 
cosmic radiation developments have been observed worldwide, from Magadan in Siberia to Oulu in 
Finland. 

The first measurements of cosmic rays were taken in 1957. Before then the reconstruction of 
cosmic rays was done by measuring cosmogenic nuclides in ice cores, ice-rafted debris, dripstones 
and tree rings. As described earlier, cosmogenic nuclides are generated when converted cosmic rays 
collide in the atmosphere and find their way to the earth’s surface, and hence into the natural climate 
archives. Especially useful are the 14 C of carbon and 10 Be of beryllium isotopes, which are produced 
by reactions between the secondary cosmic rays and nitrogen and oxygen [54, 64]. In practice the 
cosmic ray curve reconstructed from lOBe lags behind solar activity by about 2 years [54]. That fits 
rather well with the time lag of the modern cosmic ray measurements, whereby cosmogenic nuclides 
finally reach the earth’s surface after wandering in the atmosphere for about a year. 
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Figure 6.5 Neutron monitor in Kiel, as a measure for cosmic rays (top) and global temperature development since 1965. 
Cosmic rays declined during the 1977-2000 warming period. When the warming ended in 2000 cosmic radiation increased. 
Sources: neutron monitor Kiel [63]; temperature, HadCRUT3 data series. 

The cosmogenic nuclides form a well-accepted proxy for the sun’s activity [65]. The calculated 
solar activity curve for the most part runs surprisingly well with the temperature development of the 
last 10,000 years (see Chapter 3). During the main warming phase of the past 150 years, cosmic ray 
intensity declined over the long term by about 20 per cent (Figure 6.6) [48, 62, 66-68]. 

The good agreement between the development of cosmic rays and temperature can have only two 
causes. On the one hand, cosmic rays could be a passive indicator of the power of solar irradiation. In 
this case climate change would be traceable only to solar irradiance changes, without the involvement 
of any cosmic ray amplification mechanism. On the other, the cosmic rays may be a decisive factor 
controlling the temperature signal largely by influencing low cloud cover formation. The relatively 
small changes in the sun’s electromagnetic irradiance output would then no longer play a major role. 
Our view is that the amplification effects of cosmic rays and other mechanisms are the most 
important climate changers. Determining the precise extent of each contribution remains the task of 
scientific research in the years ahead [54, 69]. 



Figure 6.6 Cosmic rays over the last 200 years show a long-term decline, while at the same time global temperatures climb 
[48], 

An important piece of the puzzle is found deep in the earth’s history. Over shorter timescales, the 
intensity of cosmic radiation is for the most part regulated by solar activity. But over timescales of 
hundreds of millions of years, the dosage of cosmic rays coming from space varies. Depending on 
whether or not the solar system traverses a spiral arm of the Milky Way, or if it is traveling through a 
relatively empty place between the spiral arms, the available primary cosmic ray intensity also 
changes. The crossing of a Milky Way spiral arm occurs about every 135 million years. Nir Shaviv 
and Jan Veizer found changes in cosmic radiation following this rhythm as well as largely 
synchronous long-term climate changes [45, 70-71]. Whenever our solar system traversed a spiral 
arm and thus was exposed to large doses of cosmic radiation, dramatic cooling occurred on earth. 


This is more evidence indicating that the climatic impact of cosmic rays has been grossly 
underestimated in the past [52, 72]. It is becoming increasingly apparent that the IPCC should have 
included climate models based on cosmic radiation in its spectrum of possibilities, even if all 
processes are not yet well understood. 

Svensmark’s model comes under scrutiny 

The model developed by Henrik Svensmark and his colleagues describing climate amplification via 
cosmic rays began, like most models, in a simple version. Following criticism, scientific discussion 
and subsequent research the model was then incrementally transformed, refined and adjusted. That’s 
how science is supposed to work. A good example of an important development stage in this respect 
was the discussion of the so-called Laschamp Event, a short-term weak phase of the earth’s magnetic 
field that occurred 40,000 years ago when cosmic rays were able to penetrate the earth’s atmosphere 
with greater intensity for a few thousand years [73-74]. This led to an abrupt increase in cosmogenic 
10 Be nuclides showing up in the natural climate archives. More cosmic rays? According to 
Svensmark’s model, it should have led to more clouds and more cooling. However, a temperature 
decline in connection with the Laschamp Event did not occur, which appeared to cast serious doubt on 
the Svensmark effect [75]. The simple basic model obviously needed revision. The key to the puzzle 
had to have something to do with the earth’s magnetic field because this was the only thing that 
changed during the Laschamp Event and not the much stronger solar magnetic field, which is 
normally the main driver of the cosmic ray amplifier. It was therefore time to take a closer look at the 
composition of cosmic rays and to determine which particles are responsible for forming low cloud 
cover. 

And Svensmark found it [47, 76]. Foremost are the highest energy cosmic particles that have 
enough power to penetrate through to the lower layers of the atmosphere and to deliver condensation 
nuclei for forming low clouds. Because of their high energy, these fast particles cannot be halted by 
the earth’s weak magnetic field and can only be influenced by the more powerful solar magnetic field. 
Typical cosmogenic nuclides such as 10 Be, which are usually used for the reconstruction of cosmic 
ray intensity, are however created mainly by the low-energy component of cosmic rays. Because of 
their lower penetration power, the low-energy cosmic particles are stopped in the upper atmospheric 
layers, which is where most 10 Be production plays out. The crux is that the earth’s magnetic field is 
able to influence the low-energy cosmic radiation, which explains the 10 Be anomaly in the climate 
archives. However, because the process plays out in the upper atmospheric layers, the low-energy 
cosmic particles play an insignificant role in the low atmosphere climate-impacting cloud formation. 
This explains why temperatures during the Laschamp Event did not change. The activity of the solar 
magnetic field is thus vital because that is what decides whether the climatically relevant high-energy 
cosmic ray particles are shielded from the earth or allowed to pass through the atmosphere. 

To develop Svensmark’s amplifier model further, new high-resolution measurement data sets of 
cosmic radiation and atmospheric aerosol concentration are urgently needed. These data are neither 
easy nor inexpensive to obtain. A satellite costs about 300 million euros (excluding start-up costs). 
NASA invested this amount in its Glory satellite, which was intended to measure solar activity and 
aerosols over a period of years. However, the mission ended 5 minutes 17 seconds after launch when 
the rocket carrying the satellite developed a malfunction and crashed, taking the satellite down with it 
into the Pacific Ocean. We really could have used the data. 

However, things improved a few months later with the start of the AMS-02 magnet-spectrometer. 
This sophisticated 1.4 billion euro particle detector was delivered without a hitch by the US shuttle 
Endeavour to its destination on the ISS International Space Station in May 2011. The instruments will 


measure the strength and composition of cosmic rays for the next 18 years. 


A parasol of clouds for the earth 

The last link in the Svensmark solar amplifier are clouds, which are the real climate regulator. 
Whatever controls the clouds, rules the climate. The objective, therefore, is to determine if cloud 
cover changed with the upstream-connected steps of the Svensmark chain, in other words, whether 
solar activity, cosmic rays and cloud cover oscillated in parallel in the past. If the relationship were to 
be confirmed, then the next step would be to compare it to temperature. If a synchronicity does exist, 
this would be followed by determining how to build the effect into the climate models. That’s the 
general roadmap. Note that nobody is proposing that the C0 2 model be replaced. What is suggested is 
that the C0 2 model be supplemented with the missing climate drivers. 

The impact of clouds as a climate factor is not disputed and is relatively easy to imagine. As soon 
as a cloud blocks out the sun, it becomes noticeably cooler. Clouds form a giant parasol and block out 
30 watts of irradiative energy from the earth per square metre. That’s hardly small change. Even a 
few percentage variation in cloud cover can produce a change in the earth’s energy budget that 
corresponds in magnitude to the IPCC’s projected effect of manmade C0 2 gases emitted since 1750, 

which is pegged at 2.63 W/m 2 [131, 54]. Here low clouds are responsible for about half of the solar 
radiation that is reflected back into space when it reaches the earth’s atmosphere [5]. Changes in low 
cloud cover thus appear to be highly climate-relevant [59, 76]. On the other hand, clouds in the upper 
levels of the atmosphere appear to be transparent for the most part and so allow the sun’s radiation to 
pass through [6]. These high-level clouds then act as insulation and trap the heat of infrared radiation 
that is emitted by the earth. In summary, more high clouds produce warming while low clouds 
produce cooling. 

Cloud condensation nuclei from cosmic radiation 

More than 50 years ago scientists suspected that cosmic rays could impact the weather on earth 
through cloud formation [77-78]. But just how could the connection between cosmic particles and 
clouds function in detail? What has to take place for cosmic rays to create condensation nuclei and 
produce cooling water droplets and cloud layers? 

The primary cosmic rays arriving from space consist mainly of protons, supplemented by 
electrons and fully ionized atoms. Even though a huge number of particles enter the atmosphere, they 
are much too small to act as effective condensation nuclei. But as we have seen, this is only the start of 
a complex particle cascade mechanism. Through multiple collisions with atmospheric components, 
particles of the so-called secondary cosmic rays are created; these are known as cosmogenic 
nuclides. Are larger particles suitable for condensation nuclei perhaps also created in this process? 
We shall now explore this in more depth. 

The relationship between airborne particles (aerosols) and cloud formation is one of the 
unknowns in current climate models [79]. What appears to be very simple in cloud chamber 
experiments is far more complicated under atmospheric conditions. The oversaturation of water 
vapour in a laboratory experiment is much higher than what we find in the natural environment. In a 
cloud chamber traces of vapour form along the cosmic ray paths, but in nature an entire series of 
fundamental requirements has to be fulfilled before a similar effect takes place [78]. 

Ion clusters and charged aerosols as cloud magnets 

Currendy two main mechanisms are being investigated that may explain the interplay between cosmic 


rays and cloud formation [80]. The first involves the agglomeration of many small charged cosmic 
particles from which a larger particle grows. These resulting ion clusters form ideal condensation 
nuclei for clouds [40, 78, 80-84]. In the second mechanism, cosmic rays assist in the electrical 
charging of other aerosols, which as a result become useful condensation nuclei for cloud formation. 
Cloud droplets preferentially form around charged particles and hence clouds are more electrically 
charged than their surroundings. The charge differences at cloud edges with respect to their vicinity 
lead to a charging of aerosols located in the immediate vicinity of the cloud, which in turn leads to the 
formation of new condensation nuclei for more cloud formation. The formation of condensation 
nuclei progresses more intensely the greater the charge difference to the cloud edge. Here cosmic 
rays take effect because they influence electrical conductivity and the electric current regime in the 
atmosphere. Strong cosmic rays lead to greater charge differences and hence to more condensation 
nuclei and more cooling clouds [59, 78, 80-81, 85-86]. Currendy, it is unclear which of the two 
mechanisms is leading the race [80]. It is even possible that both processes are active and reinforce 
each other, according to the ambient conditions. Other condensation nuclei scenarios are under 
research [87-89]. 

The cloudless alternative 

Cosmic rays and other aerosols are not only of interest for the formation of condensation nuclei for 
clouds. They can also absorb and diffuse solar radiation. Through this shielding effect, the amount of 
solar energy reaching the earth’s surface is reduced and hence results in a cooling effect. Just how 
much cooling is caused by this process is uncertain [90-91]. Their role is unknown in current IPCC 
models. Moreover, cosmic rays too may play a part. Werner Weber of Dortmund suspects that cosmic 
rays form oxygen molecule ions to which water droplets can attach (see Weber below). These water 
droplets then diffuse sunlight and weaken it at the earth’s surface [92]. Weber’s cosmic ray amplifier 
does not need a cloud effect and makes up another variant in climate influence via solar-dependent 
changes to cosmic radiation. Another study group has recendy found that reactions activated by light 
can lead to the growth of particles in the atmosphere, a process that has not been included in climate 
models [93]. Yet another study suggests that cosmic rays may affect the ozone concentration in the 
stratosphere, which by way of water vapour affects climate in the lower atmosphere and on the earth’s 
surface [94]. 

The inconvenient CLOUD Project 

There is no shortage of suggestions when it comes to the climate impact of cosmic rays, as we have 
seen. More research is necessary in order to reproduce the observed synchronicity between cosmic 
rays and climate values in the climate models [95]. At the end of the 1990s, inspired by Svensmark, 
Jasper Kirkby of the European Organization for Nuclear Research (CERN), Geneva suggested a 
series of extensive experiments in order to cast light on the subject [96]. Within the framework of the 
CLOUD Project, he wanted to build a modern version of the cloud chamber. A particle stream from 
the CERN Proton Synchrotron would reproduce cosmic rays, which in turn would be shot into a 3- 
metre diameter cylindrical chamber containing various mixes of atmospheric gases. After firing the 
particles into the chamber, it would be investigated whether aerosols had formed and if they could 
serve as condensation nuclei for clouds. The project proposal received strong support from the 
scientific community. At last, the gigantic CERN apparatus would be used for something terrestrial 
and practical, and not only for investigating abstract subatomic particles that have a lifetime of 
fractions of a second. 

However, the appointed project reviewers were less enthusiastic. One believed it was not possible 


to replicate the atmosphere inside a small cylindrical chamber; the other had very different worries. 
The CERN Nuclear Research Centre is very expensive to operate and is funded in full by its twenty 
member states. With the CLOUD Project, CERN would be researching a physical effect that could 
eventually marginalize the anthropogenic contribution to climate change. Kirkby had made this clear 
when he submitted his application. At this point many of the governments funding CERN were already 
fully behind the IPCC’s C0 2 stance. Inconvenient scientific doubts were no longer welcome in the 
politically charged debate surrounding climate change, and it was feared that CERN’s reputation and 
flow of funding might be jeopardized [35]. 

Hence the project was rejected - a real defeat for scientific freedom and open-mindedness, and a 
victory for research politics. But Kirkby didn’t give up. Instead, he stepped up his efforts to convince 
his peers, and eventually succeeded. Delayed by years, he finally was able to convince CERN’s 
leadership of the scientific importance of the CLOUD Project in 2005. In 2006, in a pilot experiment, 
the formation of particles in the experimentation chamber could be shown [97] and thus CLOUD 
finally began in 2009 [98-99]. Today a team of physicists from eighteen institutes in nine countries is 
attempting to solve the big puzzle behind cloud formation through cosmic rays. The first report of 
partial aspects of the project appeared in the journal Nature in mid 2011. The experiments showed that 
up to ten times more aerosol particles formed inside a chamber fired at with simulated cosmic rays 
than inside a neutral, uninfluenced chamber [100-101]. For the next step, scientists will attempt to 
discover whether the small particles can form larger nuclei that serve as condensation nuclei for 
cloud formation. The results are due in 2013-14. 

Measuring clouds 

So far we have been able to confirm the first stages of the Svensmark amplifier: 

1. Changes in solar activity cause strong fluctuations in the solar magnetic field, which are 
much more powerful than changes in solar irradiance. 

2. The cosmic radiation reaching the earth is for the most part regulated by the solar 
magnetic field; that is generally accepted by scientists. Secondary products from cosmic rays - 
so-called cosmogenic isotopes - are generally employed to approximate solar activity. 

3. Two fundamental physical models are being investigated which may explain how the low 
cloud cover is regulated via cosmic rays. Comprehensive laboratory experiments within the 
scope of the CLOUD Project are currendy testing the fundamental theoretical assumptions. Now 
everything comes down to the last stage of the Svensmark amplifier, namely whether cloud cover 
really does change in sync with solar activity. Can historical measurement data answer this? 

While there are numerous measurements and historical reconstructions of solar activity, when it 
comes to cloud cover the situation is less than desirable. It wasn’t until the satellite age that it became 
possible to record cloud cover over vast areas of the globe. Before that, the records were limited to a 
handful of recording stations. Clouds can be categorized under different altitudes, which in turn exert 
different impacts on the climate. The cooling clouds of the Svensmark amplifier are found at the 
lower atmospheric levels below the 3.2 km altitude. Despite modern satellite technology, it remains 
something of a challenge to decipher the extent of cloud cover for the various atmospheric altitudes. 
If layers of clouds are stacked one on top of another, then the lower layers are hidden from the 
satellite sensors. Likewise, upper cloud layers cannot be detected by sensors on the earth’s surface 
when low cloud cover hides them [4, 102]. Despite this, various data sets for clouds are available for 
the last 25 years and hence cover more than two 11-year (Schwabe) solar cycles. 

Before we take a closer look at the data concerning cloud cover, we should first discuss our 


expectations. We know that cosmic rays do not strike the earth with the same intensity everywhere. 
The intensity increases as you move away from the equator towards the poles. Also the distribution of 
aerosols in the atmosphere is anything but homogeneous across the globe. In regions where there are 
already sufficient cloud condensation nuclei in the atmosphere, cosmic rays can only have a minimal 
influence on cloud cover. However, in areas that are under-saturated with nuclei, newly arriving 
cosmic particles may play a larger role. From a theoretical point of view we would expect that the 
influence of cosmic radiation on low cloud formation occurs with varying strength over different 
parts of the globe. The Svensmark effect should thus be of importance mostly in areas where the 
atmospheric fundamental conditions are right [80]. When these regions in total make up a significant 
part of the entire earth’s surface, then the global total climate could be regulated [53]. For this reason 
different regions should always be compared in research studies [103]. 

Clouds in sync with the solar 11-year beat 

Now let’s look at the cloud records and try to find out if there is a relationship with cosmic radiation 
over the course of the 11-year solar activity cycle. For the period 1983-94 the development of the 
coverage extent of low clouds was in almost perfect harmony with cosmic radiation [104] (Figure 

6.7) . That in itself is a minor sensation. The correlation that was so clearly presented by Svensmark 
and his colleague Nigel Marsh in 2000 electrified the climate science community. A heated 
controversy developed, as nothing less than the life of the IPCC-postulated C0 2 domination as a 
climate-regulating factor was at stake. 

Because of the potential explosiveness, the result had to be checked as quickly as possible by 
independent parties. Confirmation came swiftiy. Other scientists were able in principle to confirm the 
synchronicity of global low cloud cover and cosmic rays, and even expanded on it over the 
subsequent years [81, 105-108] (Figure 6.7). 

Yet during some periods inconsistencies were found [109] which forced scientists to check the 
approximate global approach and further refine the model. Were there regions where both parameters 
correlated especially well with each other, while in others they did not? More comprehensive studies 
showed that low clouds reacted to changes in cosmic rays foremost at the middle latitudes (Figure 

6.7) [53, 81, 110]. The coupling of both processes worsened near the equator and the poles, on which 
an entire series of previously observed discrepancies were based. 

So why did the interaction function worse at the poles and equatorial regions than it did at the 
middle latitudes? Especially at high latitudes, cosmic rays are intensive. However, because of the 
Arctic cold, the proportion of ice crystals to cloud droplets in polar low clouds is higher. Despite the 
extremely clean air and thus the related minimal overall aerosol concentration, the cosmic 
condensation nuclei apparendy are limited in their ability to stimulate cloud formation in the usual 
way [110]. The process appears somehow to 'freeze’ in the cold latitudes. Moreover, due to 
observational limitations, cloud coverage recordings in the polar regions are much more incomplete 
compared to the data from lower latitudes [80, 110]. In addition, ice algae in the Arctic produce 
marine micro-gels [111] which seem to compete with the cosmic rays when it comes to condensation 
nuclei formation during the summer. 
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Figure 6.7 There is a very good correlation between cosmic rays and low cloud cover over the last 30 years, since the start of 
systematic cloud data determination [76], 

At the middle latitudes, on the other hand, there are sufficient stratified clouds, liquid cloud 
droplets and suitable quantities of cosmic rays, so cloud formation via cosmic rays functions very 
well there. Thanks to reliable satellite data for low cloud cover, it can all be documented [80]. 

If one differentiates between the various cloud levels in the atmosphere and the different 
geographic regions, then a distinct and consistent relationship between cosmic rays and low cloud 
cover appears and is most apparent at the middle latitudes. This was known when AR4 was written 
[81, 104, 109]. 
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Figure 6.8 Comparison of cosmic rays and low cloud cover during 1984-2000 for the entire earth, Tropics and mid- 
geographical latitudes. Synchronicity between low clouds and cosmic rays is foremost in the mid-geographical latitudes where 
the fluctuations are pulsed by the 11-year solar activity cycle [81]. 

While the Svensmark effect is not even touched on in AR4 in its Summary for Policymakers, it is 
mentioned in the draft of AR5. However, even though the draft concludes that cosmic rays enhance 
aerosol nucleation and cloud condensation nuclei production in the free troposphere, it is judged to 
be Too weak to have any significant climatic influence during a solar cycle’ [12]. 

Long-term cloud trends 

The 11-year solar cycle and its coupling with cloud cover and cosmic rays help us to understand the 
physical process behind it. But to understand how the climate developed over the last century, we need 
to identify long-term trends in cloud cover that extend over multiple decades and overlie the 
oscillating 11-year rhythm. Here the Finnish solar physicist Ilya Usoskin was successful [81]. He 
examined changes in low cloud cover for 1984-2000 and focused in a part study exclusively on the 
Tropics. The results were astounding. Cloud cover for the period under investigation declined 


steadily (Figure 6.7). While low clouds in the middle latitudes expanded and shrank according to the 
11-year cycle, a long-term trend could be observed in the Tropics [81]. Fewer low clouds mean more 
solar radiation reaching the earth and hence more warming. That is precisely what the global 
temperature data show. The decline of tropical low cloud cover for 1984-2000 coincides precisely 
with the main warming phase of the late twentieth century. A coincidence? It is notable that the 
reduction of clouds occurs in parallel with a decrease in cosmic rays when the longer-term trend over 
multiple 11-year solar cycles up to 2000 is considered (Figure 6.5). Furthermore, the PDO, which 
increased markedly around the same time, may play a role here (Figure 4.7). 

A team of researchers from California reconstructed the development of the earth’s albedo [112] 
for the same period and were able to show a steady decline during 1984-2000. Less solar radiation 
reflected into space means more solar energy warming the earth’s surface. Simple model calculations 
show that the observed decline in albedo equals 2-6 W/m 2 of radiation change and thus would imply 
a significant climatic impact [113]. Interestingly enough, the data for 2001-3 show that the albedo of 
the earth’s atmosphere again increased. That too appears to fit well with the global temperature curve, 
which shows that the temperature rose during 1975-2000, then stopped. 

Shordy after that two British scientists added another piece to the puzzle. They had studied the 
statistics for clouds over Great Britain since 1947 and were able to show that overcast weather 
statistically occurred 20 per cent more often during times of high cosmic rays [78]. 

Cosmic ray experiments in an open-air laboratory: cloud effects on a daily scale 

It would be useful if we could test the cloud formation initiated by cosmic rays in an open-air 
experiment using the real atmosphere and not only in the CLOUD laboratory. We’re in luck. Nature is 
very cooperative in this respect and is ready to participate in a trial. This is possible because of so- 
called Forbush events, which last a few days. During Forbush events, after a powerful solar outbreak, 
a sudden decline in cosmic radiation occurs because these solar winds keep the high energy cosmic 
particles away from the earth particularly effectively. The changes in cosmic radiation during a 
Forbush event correspond to the magnitude of the 11-year solar cycle [114]. 

A British group led by the physicist Ben Laken looked at a number of these Forbush events and 
studied how cloud cover developed during these periods of low cosmic ray activity [80]. As it does 
during the course of the 11-year cycle [81], the middle latitude cloud cover decreased considerably 
during Forbush events. Furthermore, an increase in air temperature at the surface of the earth was 
detected. This confirms the relationship between cosmic rays and clouds. Other studies produced 
similar results [59, 78, 115-117] and so the lead to the Svensmark amplifier keeps getting hotter. It 
also underscores the need to study in detail the atmospheric basic requirements for low-altitude cloud 
regulation by cosmic rays. A more precise regional and time prognosis on the effectiveness of the 
process is necessary in order to understand the effect. 

Antarctica plausibility check 

Low clouds are possibly also the key to a temperature paradox that has been occurring for decades in 
east Antarctica and has mosdy gone unnoticed. While the rest of the world warmed during this time, 
east Antarctica cooled [118]. The explanation here could be that low clouds in Antarctica provide a 
warming rather than a cooling effect [119]. When cloud cover is missing, the brilliant white Antarctic 
ice sheet reflects a huge amount of solar energy back into space and thus cools, contrary to what is 
happening over the rest of the planet. But when there are clouds, they absorb part of the reflected 
energy and radiate it back to the surface in the form of warmth [47]. Because of the high level of solar 
activity recendy, the associated decrease in cosmic rays could have led to a decline in low cloud 


cover, thus reducing the heat insulation effect over east Antarctica. 

Anti-cyclic temperature developments in Antarctica with respect to the rest of the world have been 
nothing unusual over the last 10,000 years [47, 118, 120]. The hypothesis that climate gases are mosdy 
responsible for climate change could not explain Antarctica’s special role. The solar influence on 
clouds and climate, however, may explain the anomalous temperature development in that region. 

What’s the use of climate models that don’t include solar amplifiers? 

None of the current IPCC climate models take solar amplification mechanisms into account, whether 
via UV or cosmic rays [1, 4, 121]. IPCC scientists justify this on the grounds that the physical 
processes are not understood. Without solar amplifiers, the solar output signal in the models is so 
small that the postulated water vapour amplifier cannot properly support the sun. The IPCC, therefore, 
calculates an extremely low radiative forcing of 0.12 W/m 2 since 1750 for the sun, compared to a 
relatively hefty 1.66 W/m 2 for C0 2 (Figure 5.2) [1]. 

In this chapter we have observed how the IPCC continues to ignore the sun despite an 
overwhelming body of evidence pointing to solar amplification processes. The UV amplifier is 
supported by evidence showing that solar UV radiation fluctuates much more intensively than 
previously assumed. This causes temperature fluctuations in the stratosphere of over several degrees 
Celsius as well as measurable chemical changes [24, 26]. There is also strong support for the 
Svensmark amplifier. The solar magnetic field and cosmic rays vary in sync with solar activity, as 
does low cloud cover - the latter at least over parts of the globe. Evidence for the effectiveness of this 
amplification mechanism is overwhelming. Cosmic rays and the earth’s climate seem to be very 
tightiy linked [59]. 

Opponents of the Svensmark model have tried time and again to refute the solar amplifier 
[122-129]. However, their arguments have never held water because they use single events of non- 
synchronicity as a blanket argument and imprecise mean values instead of high resolution data. 
Furthermore, possible phase shifts in the solar-climate interaction have been ignored [130-131]. 
Svensmark’s opponents do not differentiate between low and high clouds or between the various 
latitudes. Moreover, they do not properly process contradictory cloud cover data from different data 
sources [132]. They also mistake short-term effects for long-term effects [133-136]. 

The exact physical processes of the solar amplifier are a long way from being understood in detail 
and are currendy the subject of intensive research [137]. The cutting edge of research continues to 
progress and produces new results that add one piece of the puzzle after another almost every month. 
Therefore, it cannot make any sense to take climate models that do not include solar amplification 
processes and call them mature and reliable. IPCC-calculated climate scenarios that do not include the 
solar factors must therefore be taken with a serious dose of doubt, and certainly cannot claim to 
indicate what the future of the climate will be like. 

On the way to a realistic climate mix: how much sun, how much carbon dioxide? 

One of the most important tasks for climate science in the years ahead will be to assign in a realistic 
way the importance of each climate control factor. To achieve this, it will first be necessary to do 
away with the dominance by C0 2 and replace it with a quantitative mix of control factors that includes 
the sun’s variability as a crucial factor [138]. This is what scientists working independendy of the 
IPCC believe. They propose that the sun accounts for 40-70 per cent of the observed climate warming 
of the last few decades [66, 139-147]. Nir Shaviv calculates from oceanic fluctuations that, via the 11- 
year solar activity cycle, there has to be a feedback mechanism that amplifies the output solar signal 


by at least a factor of 5-7 in order to explain the observed changes in the oceans [144]. 

Here one must acknowledge that C0 2 is by no means firmly in the driving seat. Less than half of 
the temperature increase due to C0 2 postulated by the IPCC climate models has actually occurred 
[148-149]. The reason for this discrepancy could be that the climate sensitivity of C0 2 was 
overestimated and/or because of the cooling effect of aerosols [148]. The IPCC vehemently favours 
the latter and as a result introduced a series of poorly or not at all understood factors that acted to 
counter the warming of C0 2 over the last 150 years. This is the only way the IPCC models are able to 
simulate the past. In the same models, however, it is assumed that these cooling aerosol factors will 
steadily disappear [149]. 

Another fundamental problem with the models is that the C0 2 climate sensitivity can only be 
poorly estimated using the climate data of the last 100 years because, parallel to C0 2 , the atmospheric 
concentration of climatic ‘short-lived’ substances has risen [150]. Some of these substances (e.g. 
methane, tropospheric ozone and soot) have a strong warming effect. Others (e.g. sulphates, nitrates, 
organic aerosols) have a cooling effect. The exact, individual, quantitative share of the short-lived 
substances and C0 2 on warming is relatively poorly understood and is currendy the subject of much 

study. 

Some authors attempt to reconstruct the climate forcing of C0 2 using case studies from the distant 
geological past. Such comparisons are somewhat limited, however, because the intensity of the 
various amplification mechanisms can vary, depending on the overall climate at the time [151-152]. 

In conclusion, we are now familiar with a very convincing sun and so the following scenario 
probably arises: the primary solar variability is possibly much more powerful than first thought [23]. 
The sun’s signal is gready increased by pre-amplifiers such as UV processes and cosmic rays, and is 
then handed over to a moderate water vapour final amplifier, just like the one the IPCC assumes for 
C0 2 . This water vapour amplifier in turn drives up the temperature signal further. In this way one can 
imagine that the sun plays in the same league as C0 2 , if not higher, in terms of its impact. Our climate 
prognoses in the next chapter will take this more realistic distribution of forcing into account. This 
area of research is currendy being intensively investigated by numerous scientific groups [153]. 
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Mining a treasure trove of 50-80-year-old solar data: 

the unexpected atmospheric amplifier of solar activity 


Werner Weber 

Institute of Physics, Technical University of Dortmund 

More than 100 years ago Samuel Pierpont Langley, an American astrophysicist and aviation pioneer, 
proposed carrying out highly precise measurements of solar irradiance. Langley suspected that the 
sun ‘flickered’ and solar irradiance varied over time. Even a change of 1 per cent would lead to 
profound consequences for the climate. According to the Stefan-Boltzmann law, which was known at 
the time, a 1 per cent increase in solar irradiance would lead to an increase in the average global 
temperature of approximately 0.7° C. And so a large-scale monitoring programme was launched, 
undertaken by the Smithsonian Astrophysical Observatory (SAO). After Langley’s death in 1906, his 
assistant, Charles Greeley Abbot, became the project’s manager. In the early years of the project 
(1912-15) the astrophysicist Frederick Eugene Fowle produced groundbreaking papers on the role of 
atmospheric moisture attenuating solar irradiance, which even today is not well understood [1-5]. 

In 1923, after several years of preparative measurements and an intense search for appropriate 
monitoring stations, the main data collection series of the SAO project started. The two most 
important monitoring stations were Mt. Montezuma in the Atacama desert in northern Chile, at an 
elevation of 2700 metres and Table Mountain, California at 2200 metres elevation. The main 
measuring device was the pyrheliometer, invented by Langley. This measured the heat deposited by 
direct solar radiation, thereby blocking out all diffused sky radiation, the latter being known as the 
aureole, which is generated by air molecules scattering sunlight (Rayleigh scattering) and by 
aerosols. The aureole, or diffused radiation (also known as sky radiation), was measured by another 
instrument, the pyranometer, invented by Abbot. A third series of measurements, of atmospheric 
moisture content, was determined based on Fowle’s findings. For these measurements Claude 
Pouillet’s bolometer was used, and were considered as important as the aureole data. The instruments 
used in the SAO project over the span of the 30 years of data-gathering were the best available 
worldwide. 

Data for all three measurement series were taken when possible on a daily basis at different times 
of day and for specified solar angles over the horizon. The path of solar radiation through the 
atmosphere is different at each angle. The shortest path occurs when the sun is at its zenith (i.e. when it 
is perpendicular above the observer). From the data sets for the various solar positions it was 
possible to calculate the solar constant outside of the atmosphere. This is the solar intensity at a 
position just before the earth where the solar radiation has not yet been attenuated by the atmosphere. 
All three data series were used for the calculations, which are based on Langley’s hypothesis and on 
the Fowle’s findings. The result was the sought-after solar constant, which was not expected really to 
be a ‘constant’. The SAO measurements ran from 1923 to 1954. Abbot ended the data collection 
because he saw indications that anthropogenic air pollution was beginning to distort the data too 
much. 

Altogether there were approximately 35,000 data groups from which the value of the solar 
constant was determined. Its value when the sun is inactive, during a solar activity minimum, was on 



average 1357 W/m 2 ± 0.04 W/m 2 [6]. During years of strong solar activity the solar constant 
increased by approximately 0.1 per cent, or 1.4 W/m 2 . These values are quite close to present-day 
satellite data which show a solar constant of 1361 W/m 2 during an inactive solar phase, and also an 
approximate 0.1 per cent increase during the activity maximum of the 11-year sunspot cycle. Even 50 
years ago, the SAO measurements showed that there are only very minor variations in solar 
irradiance during the solar active years. Therefore, the solar constant is almost a constant, at least for 
the accuracy that is relevant for the climate. Langley’s original suspicion of considerable solar 
irradiance variation was thus refuted by the SAO data. 

An untapped treasure trove of data left behind 

The SAO data has been available for many decades. A couple of years ago they were also put on the 
internet so that everybody could access them. I found them by chance and started investigating them in 
2009. At that time I had been aware of Svensmark’s papers (see Svensmark in Chapter 5). He had 
pointed out that cosmic rays are able to produce condensation nuclei (aerosols) in the atmosphere, 
which in turn could influence solar irradiance at the surface of the earth via cloud formation. It has 
been known for some decades that an active sun reduces the incoming cosmic rays by up to 20 per 
cent compared with an inactive sun. Consequendy, Svensmark looked for a correlation between solar 
activity and cloud formation, and found it (see Chapter 6). Such effects could also exist during clear 
skies when aerosols are very small. Although the aerosols are not visible to the naked eye, they can 
either scatter sunlight or pardy absorb it. Because the number of aerosols produced by cosmic rays 
should be the greater when the sun is less active, one would naturally assume that less solar irradiance 
would reach the earth’s surface as a consequence. So I decided to check for this effect using the SAO 
data, not really convinced I would find a significant effect. This stemmed from a principle that I had 
learned from a prudent experimentalist long ago: 'You better make sure this is not the case.’ 

So I was very surprised to find that the terrestrial solar irradiance, the first of the three SAO data 
series, did not decrease by a mere 0.1 per cent during solar activity minima, but rather dropped by 10 
- approximately 1 per cent, or 10 W/m2! The values of the other two data series increased 
correspondingly. On a percentage level, the increase was even larger - up to 10 per cent for sunlight 
scattering (aureole). Interestingly, in the SAO calculation of the solar constant from the terrestrial 
data, the opposing trends compensated each other almost completely. Thus, the SAO analysis also 
leads to a solar constant increase of 0.1 per cent from solar minimum to solar maximum activity, in 
agreement with the satellite data. As a consequence, all climate models use the 0.1 per cent variation 
of solar irradiance during the solar activity cycles. However, the terrestrial variation for solar 
irradiance under clear skies amounts to 1 per cent. This indicates that another atmospheric amplifier 
mechanism has to exist, one that is controlled by solar activity. This amplifier acts in addition to the 
mechanism proposed by Svensmark, which acts via cloud cover. 

Because the raw data In the SAO project were used only to help calculate the solar constant, they 
probably did not bother to look into the stark changes in solar irradiation at the earth’s surface. For 
myself, I could not believe the result. A 1 per cent variation in terrestrial irradiance by solar activity 
would make the sun one of the main drivers of twentieth-century climate change. And to think that 
such a treasure trove of data had been in the archives for more than 50 years, before being posted on 
the internet. And in those 50 years nobody had bothered to evaluate the raw data with respect to solar 
activity dependence. That just couldn’t be possible! In climate science, there are thousands of students 
worldwide, and each year there is a pressing demand for topics for BSc and MSc theses. Trend studies 
using all kinds of available data are especially suitable as topics. Somebody had to have noticed and 
known of these results. My first suspicion was that somewhere there had to be a paper containing an 


analysis and showing that there were flaws in the data and that all my results were no more than an 
illusion. I looked for evaluations on the quality of the SAO data, but could find hardly anything. 

I remained sceptical of the results and thus sought further terrestrial solar irradiance data. I soon 
found the solar irradiance data for Mauna Loa, which cover the period 1958-2008. They were 
provided by Ellsworth Dutton. The Mauna Loa observatory is located on the main island of Hawaii at 
an altitude of 3400 metres. The data comprise approximately 60,000 data points spanning almost four 
solar cycles. Yet these are only terrestrial irradiance data like those of the first of the SAO data series. 
The analysis of these data yielded quite similar results to the SAO data, so I decided to publish all my 
results [7]. Recently, similar results have been reported from Antarctic stations [8]. In truth, the 
discussion of those important results is now long overdue [9-12]. 

Clearly, there are processes in the atmosphere that amplify the solar activity variations to a level 
that has a real impact on the climate. The details of these processes so far are not sufficiendy well 
understood. However, the cosmic rays influenced by the active sun may play a decisive role. The 
cosmic rays, which are reduced by solar activity, affect the atmospheric layers down to 10 km 
altitude, which is deep into the troposphere where all relevant climatic processes take place. 

As had been shown in principle by Nobel Prize winner Charles Thomson Rees Wilson in 1899, 
cosmic rays produce ions of oxygen molecules in the atmosphere, which are enclosed by several 
shells of water molecules and thus form aerosols [13]. Those ions wrapped by water molecules carry 
either a positive or negative charge and thus can be identified quite easily by mass spectrometry. 
However, the aerosols can agglomerate quickly to larger aerosols, which together are neutral and 
thus make them very hard to detect. In addition, they can ‘collect’ various atmospheric trace gases 
such as sulphur dioxide, nitric oxides or ozone. These molecules are easily detectable by physical- 
chemical analyses, yet the charge-carrying molecules remain hidden. 

The solar irradiance data which I have analysed indicate that these aerosols stay relatively long in 
the atmosphere (months or even years). They contribute considerably to the scattering and absorption 
of sunlight. As mentioned, during a solar activity maximum, the scattering of sunlight is up to 10 per 
cent less than during a solar minimum. As a consequence a large part of the atmospheric aerosols is 
probably generated by cosmic rays, which are reduced by up to 20 per cent from solar minima to 
solar maxima. In addition, the aerosols absorb sunlight in the range of the so-called water lines in the 
near infrared part of the solar spectrum. Again, this absorption is correspondingly reduced between 
minima and maxima. Thus the total increase of terrestrial irradiance of 1 per cent during the solar 
activity maxima can be traced back mainly to the reduced formation of aerosols, which in turn is 
caused by reduced cosmic ray intensity. The solar activity-caused increase of 0.1 per cent in the solar 
constant is only a small part of the total increase. 

The absorption of the aerosols should give them their own dynamic caused by the effects of 
thermals produced by the supplied solar heat. As a consequence, the aerosols need not be embedded 
rigidly in the atmospheric circulation. Instead, they may accumulate in specific zones that are 
decoupled from the aerosol production zones above 10 km altitude. In such accumulation zones cloud 
formation may be enhanced because of the larger number of aerosols present there. This effect would 
be a bridge to Svensmark’s observations. 

A century since the start of the SAO project, research on properties, residence time and the 
dynamics of cosmic ray produced aerosols is still at its infancy. It was Fowle who in 1913 proposed 
that ionic aerosols are important for absorption and scattering of sunlight [3]. Although accurate 
methods have been available for the analysis of small particles for a couple of decades, they still have 
not been used in aerosol research. The reason may be that climate research has focused too much on 
the effects of C0 2 , which, like a constraining dogma, has hindered the quest for scientific 
understanding since the mid 1980s. That dogma may also have been responsible for delaying the 


analysis of long-available solar irradiance data with respect to solar activity. 
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7. A look into the future 


A good forecast is half the battle 

Forecasts are as old as civilization itself. Estimating future supply and demand, opportunity and risk, 
has always been important for human society. Will this year’s harvest be sufficient to meet demand or 
do import contracts need to be closed early? How will the economy, prices and population develop 
over the coming years? Which natural and manmade hazards threaten society? Good forecasts help us 
anticipate bottlenecks and avoid harm, or limit it through the early implementation of precautionary 
measures. Prognoses provide us with valuable and urgently needed time to prepare for expected 
future events. Many things, after all, cannot be done overnight. As soon as an approaching 
development or danger becomes apparent, personnel and resources need to be organized, decisions 
have to be made and countermeasures implemented - and the earlier the better. Taking early action 
protects us against unwelcome surprises. 

But speed is not everything. It is also the case that prognoses are less accurate the further into the 
future the expected event is. The sooner one starts, the more uncertain the prognoses in general. Here 
things have to be decided by instinct. At what point does the probability of the prognosis exceed a 
critical value? When is there still enough time to implement countermeasures at a reasonable cost? It 
can be a real high-wire act. Prognoses first have to be carefully evaluated before comprehensive and 
cosdy measures are taken. Fundamentally, one has to distinguish between well-defined, predictable 
developments and those that are not predictable at all. Lottery draws, for example, are absolutely 
unpredictable, as is the final score of a sporting event. Predictable within limits is the victory or a loss 
of a team, if the strengths of the teams are significandy different. The Christmas present you can 
expect from your mother-in-law is predictable to some extent if she has always given you hand- 
knitted socks in previous years. A definite prediction is the date of someone’s birthday in the coming 
year or the occurrence of a traffic jam during rush hour just before a long holiday weekend. 

Forecasts have to be given with a probability of occurrence. We know this from weather forecasts 
as the weatherman gives us a 60 per cent chance of showers and does not say with certainty whether 
it’s going to rain or not. But it is precisely this lack of definition that shows the forecast is serious. 
Very few forecast probabilities are pegged at 100 per cent; for most there is always some degree of 
uncertainty. Decisions based on prognoses are thus always fraught because the decision maker has 
only a limited amount of information to hand. 

Forecasting methods have developed enormously since the Oracle at Delphi. Nowadays 
forecasters do not need to make a sacrifice at a fissure in a rock that emits intoxicating fumes. The 
foundation of the forecasting business has less to do with fortune-telling and more to do with a solid 
factual basis. A good forecast is based on a well-documented and comprehensive interpretation of 
past developments. Identified trends are then projected into the future and, if necessary, corrected 
using further assumptions. Eventually a useful prognosis is made. 

The business of forecasting is data-intensive and demanding. There are many pitfalls which can 
lead to possible errors [1]. In addition to faulty basis data and flawed assumptions, there’s a real 
danger of over-or underrating the power of some of the processes involved. Early results are often 
overrated because they are fresh in the mind and are often the subject of intense discussion. And 
because forecasts are made by people, their desires and fears cannot be excluded. Chaotic processes - 
systems whose dynamics sensitively depend on the start conditions - also pose huge problems as their 
behaviour is not predictable over the long term [2]. Forecasts may fail entirely when unforeseen 



events intervene. 


The human factor: conflicts of interest everywhere 

Critics point out that prognoses are often used to influence individual behaviour or sway public 
opinion. Prognoses, therefore, should be scrutinized closely, especially when they forecast over the 
long term, deal with dynamic systems or serve the interest of the forecaster [1]. A good example here 
is the 2009 swine flu pandemic prognosis made by the World Health Organization. Based on their 
forecast, countries ordered large quantities of vaccines. Germany, for example, ordered amounts 
worth triple-digit millions of euros. By the end of 2010 most of the illnesses turned out to be 
relatively mild; the horror scenarios were not realized. Consequently, most of the vaccines were 
unused and had to be written off as a loss. In March 2011, then Federal Health Minister Philip Rosier 
replaced half of the sixteen members of the Permanent Vaccine Commission in a single sweep [3]. 

Unfortunately, there are also possible conflicts of interest in the current climate discussion. On the 
one hand, we have the power producers, energy-intensive companies, airlines, car manufacturers and 
many of the paying public. It is understandable that this group accepts only the C0 2 limitations that 
are absolutely necessary and refuses any measures that go beyond this due to cost. A few of the more 
extreme representatives of this group overstep the mark and dismiss the greenhouse effect altogether. 
Though this would remove the climate problem at a stroke, it would also fly in the face of a vast body 
of scientific findings that show C0 2 plays some part in climate. 

On the other hand, we have some research groups, insurance corporations and finance ministers 
who are profiting from climate alarmism. Exaggerating the alleged climate risk ensures continued 
state funding for research institutes, leads to the set-up of more institutions and increases the number 
of jobs and funding for scientists. The postulated great climate danger opens up new career 
opportunities, prestige, media limelight and political advisory positions for otherwise anonymous 
climate scientists. All over the world climate protection agencies are being created, climate 
representatives are being hired and climate instructors for making presentations at schools are being 
contracted. There’s something in it for insurance companies too. Raising alarm over increasing 
storm, hail and flood damage is driving up the demand for insurance policies covering such natural 
hazards while at the same time justifying increasing the cost of insurance premiums. And so much the 
better if the increase in catastrophes never happens - that way profits will be even bigger! 

It becomes especially beneficial when groups with similar interests present a united front. This, for 
example, is how in May 2011 the General Association of German Insurers (GDV) published the result 
of a study based on climate models warning of a strong increase in damage from climate-related 
natural catastrophes by the year 2100 [4]. Among others, the Potsdam Institute for Climate Impact 
Research (PIK) was involved in the GDV study. The PIK in the past has hardly acted as an independent 
mediator in the climate discussion and feels at home with the insurance companies in the climate 
debate, as both stand to profit handsomely from the alleged climate crisis. What should we honesdy 
think of such cooperation and the warnings they issue to the public? One certainly cannot resent the 
government for seeing a new source of income by issuing C0 2 certificates. Banks and other brokers 
too are thrilled about the lucrative, high-volume business opportunities of C0 2 certificates trading. 
Literally trillions are at stake. 

The vast array of possible self-interests is indeed a cause for concern. Under these conditions and 
with the stakes so high, is it really possible to provide independent climate forecasts? The only way 
out of this impasse is to create a dialogue among the various groups where results can be presented 
openly. Of great importance is the opportunity to discuss especially controversial points. Questions 
that still remain open could be researched in jointiy formulated projects. Thought control, the 


proscription of certain ideas and defamation, such as calling opponents 'climate deniers’, must have 
no place in this forum. The basis for such a new beginning in climate science would be, first, to 
stricdy separate science and politics. Only by returning to a factual level can urgently needed 
transparency be restored. Only then is there hope of narrowing the gap between the climate prognoses 
of the IPCC and those of the so-called sceptics. 

And now the weather 

Loosely defined, climate is the average weather over a period of many years. Therefore, it makes 
sense first to take a close look at weather forecasting. Unlike climate prognoses, people listen to 
weather forecasts almost every day. Sometimes the weather may not matter to us much as we’ll be 
spending the day indoors. At other times, however, we need and expect sound meteorological advice 
for our planned outdoor activities. Should we invite friends over for a barbecue or should we watch a 
DVD and heat a pizza in the oven? 

Many of us may not admit it, but the quality of weather forecasts today is really quite good. Only 
rarely do we have cause to complain. Today twenty-four-hour forecasts have an accuracy of 90 per 
cent or better. The accuracy for three-day forecasts is in excess of 75 per cent. Five-to seven-day 
forecasts to some extent are possible. But beyond seven days reliable forecasts are uncertain. This is 
not due to weaknesses in current technology; problems arise for physical reasons, namely the chaotic 
processes that weather systems involve. As a result, there is in practice an insurmountable limit when 
forecasting beyond two weeks. A few especially business-minded meteorologists appear to have 
succeeded in flouting the laws of nature and offer special services on their websites for an extra fee. 
These so-called premium weather forecasts may cover periods up to twenty-eight days. Customer 
complaints made later are, of course, excluded by the fine print in the general terms and conditions. 

So if the weather cannot be forecast with any reasonable certainty much beyond a week, how is it 
possible to project the climate over decades? Here we have to exercise caution as this argument is 
misleading. Weather is not the same as climate. Climate prognoses have an entirely different 
character. Climate is the average weather over a period of years. When determining the mean weather, 
the chaotic elements associated with weather are reduced, which in principle make the forecast of 
long-term trends possible [5]. The best examples are the seasons. The exact weather for a certain day 
far into the future cannot be reliably forecast. However, the prognosis that the temperature as a trend 
will drop from summer to winter is correct. 

Weather folklore 

For farmers the weather is the most crucial element in their livelihood because the right weather mix 
is the prerequisite for a good harvest. Rain, sun and warmth at the right times have been among the 
fundamental elements of successful cultivation for thousands of years. Our ancestors devoted much 
thought to how best to minimize weather risks long before the invention of satellite-supported 
weather charts. Based on the weather records kept by earlier generations, our ancestors were able to 
recognize repeating patterns in weather systems and to decipher their interrelations. Based on weather 
patterns of certain days or single months, they attempted to predict the subsequent weather. ‘When 
March blows its horn, barns will have hay and corn. ’ [6-9] 

Weather proverbs often rhymed and today are often quoted, but with a wink of the eye. Yet some 
proverbs possess a surprising degree of accuracy. Modern scientific studies have discovered a solid 
core at the heart of about three dozen proverbs that have an accuracy of 75 per cent or better [8]. 
However, keep in mind that weather proverbs derived from practice are valid only for the local area 
and cannot be applied in other geographical regions. 


As one might expect, many weather proverbs of medieval origin entail superstition. One example 
is the German Hundertjahriger Kalender (Hundred- Year Calendar) written in the seventeenth century 
by a monk named Mauritius Knauer. It was based on classic astrological beliefs and planetary 
constellations. The calendar was supposed to provide weather forecasts for the monastery’s 
agricultural operations, but in reality it was of little value. Yet, the Hundred- Year Calendar is still 
printed by a number of publishers today. 

Climate prognoses of the 1970s: the coming ice age! 

Climate scientists made their first really big splash on the global stage in the 1970s, but hardly made 
the best of impressions. What happened? Temperatures rose steadily from 1910 to 1940 (Figure 4.3). 
Here the greenhouse gas theory appeared to work well. But starting in 1940 the climate cooled 
noticeably and simply refused to return to a warming trend. Scientists were baffled. Why didn’t nature 
obey their meticulous models? Nature demonstrated her mischief by delivering some nasty events. 
The winter of 1968-69 brought with it an ice sheet in the north Atlantic that had not been seen in 
almost 60 years. During the winter of 1972-73, icebergs were seen as far south as Portugal and in the 
Arctic Circle the coldest winter temperatures in over 200 years were recorded. Then, in August 1973 
a snowstorm ruined a large swathe of the Canadian wheat crop. In autumn of the same year the north 
German coastline experienced its most severe coastal flooding in half a century [10]. An extremely 
cold winter left the United States shivering in 1977 [11] (see Chapter 5). 

The experts tried to work out what was happening but failed to agree. Some reasoned that the 
cooling marked a possible end to the warm period awaiting us for the coming century or even 
millennium. The repeated alternation between glacial and interglacial periods was well known from 
studies and was the earth’s defining climate pattern of the previous two million years. In many cases, 
the interglacial periods lasted only 10,000 years, and 10,000 years is precisely the time that has 
elapsed since the last ice age ended. So the scientists were hoping that anthropogenic greenhouse gas 
emissions would help to avert the approaching new ice age [12-13]. The long periods associated with 
these natural climatic developments, however, reduced concern on one hand, while on the other, it 
was well known that massive temperature plunges had occurred during such transitions between the 
two climate extremes. For example, at the start of our current interglacial 11,000 years ago, a time 
known as the Younger Dryas, the globe experienced a temporary setback and plunged back into ice 
age conditions. The polar regions of the Northern Hemisphere cooled a dangerous 10° C within just a 
few decades [14-15]. 

Other scientists saw a more short-term threat approaching and warned of a coming cold phase 
analogous to the Little Ice Age, which persisted from the fifteenth to the nineteenth centuries and 
caused harvest failures, famine and disease throughout Europe [16]. The global average temperature 
at the time was only about 1° C lower, yet that was enough to spread fear and panic through a society 
that was poorly developed technically. Unlike the end of the Medieval Warm Period, when a weak sun 
caused temperatures to drop, mankind in the 1970s was thought to be responsible for the cooling, 
according to some scientists. Beginning in the mid twentieth century, large volumes of smoke, ash 
and other particles were being emitted by expanding industrialization, forming a sun-blocking veil 
across the globe [17-20]. At the same time, jet engine air traffic came under suspicion for 
augmenting the formation of cooling clouds. The suspected clouding by particles was dubbed global 
dimming. It was argued that global dimming more than offset the C0 2 warming, and thus dirty air 
was responsible for the cooling of the 1940s-1970s. 

One of the most vehement global cooling alarmists was the American climate scientist Stephen 
Schneider, a professor at Stanford University who later became an IPCC lead author. In 1971 he 


calculated that a quadrupling of aerosols would lead to a dramatic global cooling of 3.5° C [19]. If the 
trend worsened, he saw the danger of a full-fledged ice age on the horizon. Ironically, Schneider later 
became one of the main alarmists in the global warming campaign. Just after he switched sides, in 
1979 Schneider warned in an article in the Palm Beach Post that the west Antarctic ice sheet would 
melt dramatically before the end of the twentieth century and that the sea level could rise several 
metres. In his projections he pictured with great media effect how cities on the east coast of the United 
States would be submerged [21]. Thirty years later, New York City, for example, still remains high 
and dry. Since then the sea level has risen only a manageable 100 mm. Schneider’s apocalyptic 
visions were well wide of the mark. 

Another man who warned of cold in the 1970s was the American Nobel Prize winner Linus 
Pauling. He feared climatic cooling could develop into a global catastrophe and pose the toughest test 
civilization had ever faced [22]. The American Ad Hoc Panel on the Present Interglacial had similar 
thoughts and in 1974 projected an annual cooling of 0.15° C until 2015 [23]. Another meteorological 
scientist, James McQuigg, held out little hope. He estimated the odds of returning to warm days, as in 
the 1930s, were ‘at best 1 in 10,000’ [22]. 

Oddly enough, the consequences that the experts expected to see were the same as those discussed 
today in connection with global warming. People were told to expect more hurricanes, droughts, 
floods and famine. Politicians wrung their hands and saw the need to take urgent action, among them 
US presidents John F. Kennedy, Richard Nixon and Gerald Ford, and Soviet leader Leonid Brezhnev. 
They even discussed the possibility of closing the Bering Strait between Alaska and Russia in order to 
lock in the cold Arctic waters. Another geo-engineering suggestion made at the time was covering the 
ice caps with a black film in order to change its albedo. They also considered putting up mirrors in 
the earth’s orbit to act as additional suns, or to blast underwater mountains in the oceans with atomic 
devices so that warm water currents could flow more freely. Another possible solution was to crank 
up C0 2 emissions in order to intensify the greenhouse effect [23]. 

However, there were some who warned of warming [24]. Others were torn between the two sides 
[13]. For example, in 1972 Cesare Emiliani, Italian founder of paleo-oceanography, warned of 
possible apocalyptic dangers on both sides: ‘Man’s activity may either precipitate this new ice age or 
lead to substantial or even total melting of the ice caps ...’ In those days anyone who could still sleep 
soundly was considered to be beyond all help. 

Today we are much better informed - or at least that’s what we like to believe. As we now know, 
the cold phase of the 1970s was followed by a warming phase (see chapters 4 and 5). Here, climate 
experts demonstrated their uncanny flexibility, mothballed their warnings of global cooling and 
wasted no time in rolling out the new global warming scare. Today, just three decades later, new 
aggravation for the alarmist scientists appears on the horizon once again: the earth simply refuses to 
warm up; the warming stopped almost 15 years ago. Temperatures have stalled and have oscillated 
over the last decade about a plateau. Even Hans-Joachim Schellnhuber, Director of the Potsdam 
Institute for Climate Impact Research, had to admit: ‘It is simply a fact that global temperature has 
stabilized at a high level’ [25]. 

If cooling does occur in the years to come (and there are many signs this will be the case), then the 
deja vu will be perfect. The cooling phase of the 1960s and 1970s was for the most part not manmade, 
but had been ushered in by the emerging cold phase of the 60-year PDO oceanic cycle in the 1940s 
(see Chapter 4). More than 60 years later, the cycle has now run full circle so that today we find 
ourselves once again at the start of a new cycle. Our surprise over the missing warming of the last 
decade is indeed somewhat subdued. And why shouldn’t it be? Haven’t we seen all this before? 


Does the IPCC really have everything under control? 

Today we just smile when we look back at all the failed predictions of global cooling made during 
the 1970s. But here we ought not to forget that today’s experts have not always been successful with 
their predictions. Even the German climate scientist Mojib Latif got carried away in the year 2000, 
proclaiming that Germany should no longer count on cold winters in the future [26]. ‘Winters with 
sub-freezing weather and much snow like those 20 years ago will no longer occur at our latitudes.’ 
Unfortunately, nature ignored the proclamations of climate scientists and went on to produce 
consecutive cold, snowy winters in 2008-11 in central Europe. Here temperatures were well below the 
long-term mean for the period 1961-90. In the same year, David Viner of the renowned Climate 
Research Unit (CRU) of the University of East Anglia declared that British children would soon not 
know what snow looked like [27]. Shordy thereafter, over the winters that followed, British school 
children went on to experience a snow-related knowledge gap, not because of a lack of snow, but 
because of multiple school closures when heavy snow made roads impassable! 

In the spring of 2008, Mark Serreze of the American National Snow and Ice Data Center shocked 
the public with one of his forecasts: the North Pole would be ice-free that year with a probability of 
50 per cent [28]. Summer came but nature took no notice of his forecast and thought nothing of 
exposing the North Pole. In response, Serreze postponed the ice-free North Pole another 27 years to 
the year 2030 [29]. It’s that easy in climate science. 

In its 2007 report, the IPCC was convinced that rainfall over East Africa would increase in the 
coming decades. That much appeared certain. After all, eighteen of their twenty-one climate models 
had forecast it [30]. Unfortunately, the scientists forgot that the climate has a mind of its own and 
delivered the opposite result. The Horn of Africa became continuously drier with tragic results: in 
mid 2011 the worst drought in a century struck Somalia, Kenya and Ethiopia, claiming tens of 
thousands of victims. Worse, the catastrophe had not come out of the blue and could have been 
relieved had serious warnings been heeded. Scientists of the Famine Early Warning Systems Network 
had looked closely at climatic interrelationships a year earlier adding natural climate phenomena like 
La Nina to their calculations. [31-33]. Using a well thought out methodology, the scientists had 
correcdy forecast the catastrophic drought in the Horn of Africa, but their warnings fell on deaf ears. 

Anyone who wishes to gain more insight into the various climate blunders and confusion can find 
abundant material on the internet. Here critical observers have assembled lists of controversial points 
from the climate science world, everything from exaggerations to full-blown scandals [34-35]. 
There’s something for everyone. 

The most famous distortion of climate facts was produced by former US Vice President A1 Gore. 
In his Oscar -winning An Inconvenient Truth, for which he was awarded the Nobel Peace Prize in 
2007, Gore produced an entire plateful of glaring errors and gross exaggerations, which the British 
politician and journalist Christopher Monckton of Brenchley meticulously refuted in a thirty-five- 
point list [36]. Nine of these points were even judged as errors by a British High Court in a judgment 
handed down in October 2007 [37]. The High Court determined that the points presented by Gore 
were ‘in the context of alarmism and exaggeration’. The film’s apocalyptic vision, according to the 
High Court, cannot be viewed as an independent scientific assessment, but rather is as a political 
statement. For this reason, the High Court ruled that the film could not be viewed in schools without 
comment, as screening the film without first presenting alternative viewpoints would be a violation of 
the education law requiring lessons to be politically balanced [38]. The High Court criticized the 
exaggerated sea level rise of up to 7 metres in ‘the near future’ and the intentional reversing of cause 
and effect in explaining the synchronicity between C0 2 and temperature development over the last 
650,000 years. Also the shrinking of Lake Chad, the melting of the Kilimanjaro glacier, ‘Hurricane 
Katrina’ and drowning polar bears could not be linked to manmade climate change, the High Court 


ruled [37]. 

The IPCC too, which was awarded the Nobel Peace prize along with A1 Gore in 2007, committed a 
number of embarrassing errors in its reports. The most prominent of these is the now discredited 
hockey stick chart, which was prominendy featured in TAR. The chart significandy undermined the 
IPCC’s credibility (see Chapter 4). The chart was pardy corrected in AR4, but the IPCC once again 
became mired in controversy at the end of 2009 as three blatant errors in succession came to light. 
The most widely publicized was probably the projection in Part II of AR4, which claimed that 80 per 
cent of all Himalayan glaciers would melt completely by the year 2035 [39]. 

A lapse also occurred in estimating flood risks when the IPCC claimed that 55 per cent of 
Netherlands was below sea level. The actual percentage is 26 per cent. It certainly would have been 
economically devastating if costiy investment decisions had been made based on these distorted 
figures. The third blunder was that the IPCC warned that agricultural yields in some African countries 
‘could fall by up to 50 per cent’ by 2020. While this is scientifically plausible for the three Maghreb 
countries (Algeria, Morocco and Tunisia) it is not true for the other forty-nine African countries. 
Despite the inaccuracies, these dramatic prognoses found their way into the IPCC Summary for 
Policymakers. 

Regrettably, these errors have a way of persisting, especially when they are purveyed by important 
representatives of climate science such as Hans-Joachim Schellnhuber. In an interview in a ZDF 
television programme (30 October 2009), he said, ‘In the next 30-40 years ... with 2° C of warming 
... these [Himalayan] glaciers will for the most part disappear ...’ [40]. In the same interview he 
added, ‘the ice ages will no longer naturally occur’. Errors in the 2007 IPCC report also involve 
estimating the flood risk of the Netherlands and Africa’s agricultural yields. Former IPCC Chairman 
Robert Watson publicly wondered why all three errors had led to an exaggeration of the climate 
problem and demanded a closer examination of the circumstances leading up to them [41]. 

To err is human 

The German literary giant Johann Wolfgang von Goethe once said, ‘Man errs as long as he doth 
strive.’ Thus it is little wonder that the history of science is marked by blunders and exaggerations. 
Today we know the earth is not flat and that the sun does not orbit the earth. At the end of the 
nineteenth century leading physicians warned that man would not be able to withstand speeds of 40-50 
km an hour. In the early 1970s Paul R. Ehrlich, American butterfly researcher and author of the 
bestselling book The Population Bomb, predicted that famine would kill half the world’s population 
by 1980. He also saw little hope for Great Britain and in September 1971 in a speech delivered at the 
British Institute for Biology predicted that the country would be threatened by acute poverty and 
hunger by the year 2000: ‘If I were a gambler, I would take even money that England will not exist in 
the year 2000’ [42]. 

In the late eighteenth and early nineteenth centuries, a bitter scholars’ dispute broke out among 
geoscientists, between the so-called Plutonists and Neptunists, one that closely resembles today’s 
climate dispute between the alarmists and the sceptics. Back then the Neptunists claimed that all stone 
on earth formed from the early oceans, while the Plutonists postulated that all stone had a volcanic 
origin. As is the case in this historical example, the truth in the climate dispute lies somewhere 
between these two extremes. 

Another impressive example from the field of natural sciences was the theory of plate tectonics, 
which for decades was rejected by experts. In 1910 the natural scientist Alfred Wegener concluded that 
the earth’s plates must have drifted over millions of years. Professional circles, however, were aghast 
and mercilessly ripped his hypothesis to shreds. For 50 years it remained the consensus among 


scientists that the continents could not move at all. However, surveys of the ocean floor during the 
1960s showed that Wegener had been correct. Sadly, he was not around to relish the moment. Today, 
the theory of plate tectonics is generally accepted and is common knowledge. This example plainly 
demonstrates that a scientific ‘consensus’ is no guarantee that a model is correct. Science is not about 
winning the popular vote. Sometimes, if not generally, an idea from a single person or a scientific 
minority is all it takes to topple an entire body of knowledge. 

Virtual climate in the computer 

Compared to the 1970s, our current climate knowledge has multiplied, as has computing power. 
Climate simulations today are routinely run using computers, which churn out huge quantities of data 
with many decimal places. However, when you get down to it, all results come out of a closed black 
box. What actually happens inside the box for many is more or less a mystery. We simply have to trust 
the experts. But is our quasi-religious belief in mathematical equations justified in climate science? 
The only recourse we have to find out more about the modelling process is to ask the modellers what 
processes went into the calculations, and in which form and weighting, and which aspects were not 
accounted for. 

And there are a few additional questions: Do we really know enough today to be able to write an 
accurate formula for all climaterelevant processes? Does the level of modelling precision suffice to 
represent the earth’s complex climate system processes quantitatively or even just rudimentary 
trends? Or is the science perhaps not quite at a level where we can realistically represent the 
immensely complex interplay of atmospheric forces in a realistic manner inside our little black 
boxes? Where do uncertainties exist and how big are they? Do chaotic elements really have no 
decisive role? 

One thing is certain: climate scientists are striving to cast the climate processes in all their facets 
into the calculations and to work them into the climate models. However, the various processes are 
complexly coupled and thus lead to non-linear interactions. Amplifications, beats and interferences 
are the result. So against this backdrop of complexity, it’s more than annoying when a climate 
scientist like Schellnhuber proclaimed at a press conference before the Copenhagen conference that 
‘there is an extremely simple, quasi-linear relationship between the global mean temperature and the 
total amount of C0 2 that will be discharged into the atmosphere in the decades ahead’ [25]. Such 
statements are nothing more than unscientific attempts to take the public for fools. 

So far, not so good. What happens when important processes are missing from the climate model 
equations? As we have seen in Chapter 3, solar activity and temperature development in the past were 
closely coupled. Yet the current IPCC climate models cannot reproduce their synchro nicity. In Chapter 
6, we traced the extensive lines of evidence, which clearly illustrate the involvement of one or more 
solar amplification processes. None of these amplifiers has been considered as a possibility, let alone 
included in the IPCC climate models. When important control mechanisms are simply left 
unaccounted for in calculations, the models have no chance of reproducing reality. Even the most 
powerful and expensive computers are useless against gross errors. The modelling results illustrated 
in colourful charts with numerous scenarios and alleged high levels of precision are worthless when 
the fundamental, physical and climatological data are inadequate. This is not about dotting the ‘i’s and 
crossing the ‘t’s; rather, it’s about getting the basic interrelationships right [43]. 

That does not only concern the role of the sun in climate, but also the climatic impacts of clouds, 
water vapour, aerosols, the interaction between oceans and atmosphere and the flow processes of ice 
sheets [44]. Also inadequately understood are the cycles of trace gases such as C0 2 , methane, nitrous 
oxide and ozone, which cannot be calculated, but have to be estimated in the climate models [45]. All 


these processes are currently too poorly understood and therefore are not correctly or adequately 
taken into account in models. Then again, natural oceanic oscillations such as the AMO and the PDO 
are hardly reproducible in the simulations. When it comes to climate models, it’s basically one 
construction site after another. The often sworn consensus is nowhere in sight. 

Falling through the gaps 

Because of increased computer capability, the spatial resolution of climate models has steadily 
improved since 1990. Yet a fully quantitative modelling of the climate by computer would still be 
elusive, even if, hypothetically, all climate equations were completely to hand. Even with today’s 
supercomputers, modern ocean-atmosphere climate models need a lot of computing time due to their 
sheer complexity. The spatial resolution of the models is thus still limited to a few hundred square 
kilometres [45]. All processes that take place within this spatial resolution cannot be expressly 
formulated. Figuratively speaking, they fall through the gaps of the calculation grid. Because the 
processes cannot be calculated individually, the model has to be supported by guesstimates. 

Very elusive, for example, are the turbulent exchange processes at the boundaries between the 
earth’s surface and the atmosphere, over the ocean as well as over the land [45]. The processes of 
oceanic deep water and sea ice formation are also too small ever to be depicted in the calculations. 
Furthermore, the models have serious problems simulating vertical air movements, as well as the 
interrelationship of airborne particles and cloud formation [46]. For these reasons the various climate 
models employed in AR4 use very different precipitation distributions and intensities [46]. Reliable 
statements on the development of precipitation can hardly be generated in this way. Because of the 
coarse resolution, it is not possible for the climate models to draw any credible conclusions on 
regional or local levels (e.g. country levels), which would be useful for climate investment decisions 
[46]. 

In addition to spatial limitations, there are also temporal limitations. Owing to the unhurried heat 
transfer between the atmosphere and oceans, the impacts of external climate impulses can be delayed 
by months, years, decades or even centuries. Due to differences in ocean depths and land/ocean 
distribution, these time lags differ for the various oceans [47]. As if lurking inside a time machine, 
historical impulses meander through the climate system and thus end up not being taken into account 
by the climate models’ very short-term consideration. 

We could now place our bets on technological development and hope that the high-performance 
supercomputers of the future will get it all under control. But we are still a long way from that point. 
Even with an improvement in the models’ resolution, the chances of a comprehensive, reliable, long- 
term forecast are poor because the coupled, non-linear chaotic climate system makes looking into the 
distant future impossible. Here even the IPCC agrees [48]. Precise mathematical predictions for 
complex natural processes have always failed in other fields as well [49]. The attempt to support 
political decision makers with modelled prognoses is laudable, but should not lead to over- 
confidence where we opt for virtual results over real-world observations. 

Problems with checking a model’s plausibility 

It is clear that models that are used to forecast the climate of the future also have to be able to 
reproduce the climate of the past (hindcast). And it is precisely here that the IPCC’s models run into 
difficulties. The models can only reproduce certain parts of the real temperature curves. Important 
natural cycles such as the PDO and the El Nino events cannot be satisfactorily simulated [50-51]. 
None of the existing climate models predicted the missing warming of the last 10 years. Even the 
Medieval Warm Period of 1000 years ago cannot be reproduced by any of the current models. That 


passed unnoticed for years because the IPCC used incorrect historical temperature data in the form of 
the hockey stick to conduct the reality checks (Figure 1.2; see Chapter 4). Comparisons to false base 
data inevitably lead to dead ends. 

But it is not as if the climate modellers had ignored the past altogether. To the contrary, the target 
has always been to reach as good an agreement with reality as possible. It is, however, debatable 
whether synchronicity between a model and reality can confirm the calculation approach. The right 
answer does not necessarily mean the right approach was used. The models had many freely 
selectable parameters that could be adjusted in order to get the right curve shape. These controversial 
and difficult to check adjustment dials are called fudge factors. Some critics accuse the IPCC of 
having tweaked the models so that they exaggerate the greenhouse warming of C0 2 [52]. A colleague 
once showed Enrico Fermi, a leading particle physicist, a good agreement between a theory and 
experimental results. Fermi then asked him about the number of freely selectable parameters, to 
which his colleague answered there were four. Fermi countered, ‘I remember my friend Johnny von 
Neumann used to say, “With four parameters I can fit an elephant, and with five I can make him 
wiggle his trunk.’” 

Interestingly, on p. 774 of TAR, we read: Tn climate research and modelling one has to recognize 
that we are dealing with a coupled non-linear system and so long-term forecasts of the future climate 
condition are not possible.’ Isn’t it odd that this very important statement was not reproduced in the 
Summary Report for Policymakers, in 2001 or 2007? 

Models can be useful 

Due to these fundamental limitations, climate models are at best incomplete depictions of a very 
complex reality. For this reason, and because crucial climate factors such as fluctuating solar activity 
are insufficiendy accounted for in the models, climate models cannot deliver any detailed climate 
forecasts decades into the future [45]. Yet the simulations do have some value for researching the 
climate of the future. Climate models help mainly in comparing different scenarios. Here a series of 
models can be calculated in which only a few parameters are changed. In this way climate trends can 
be worked out and taken into account in prognoses [44]. 

Only when one understands the limitations and the potential of the models can the results from the 
modelling be used appropriately. This is how a ‘black box’ becomes a ‘grey box’. Blind faith in 
computer results in this context would clearly contradict the fundamental ideas of climate modelling. 
The comprehensive, no worry climate package will never be reproduced by computer. More 
important than ever is the critical thinker, who has first to meticulously filter out the real climate 
signal from the outpouring of digital data and then decide among alternative interpretations. 

Anew strategy for climate forecasting 

It appears highly improbable that the current IPCC climate prognosis is able to reflect reality 
correcdy. As discussed in previous chapters, the IPCC flady ignored or underestimated the sun and 
other natural climate cycles. Of course, everyone is allowed to make mistakes and this applies to the 
IPCC too. Now there is an opportunity to remove these deficits from future assessment reports. We 
can only hope that this will be done. 

So just what would an improved forecasting strategy that brings everything under one roof look 
like? First, we should send the sinfully expensive modellers on a long holiday, as we need time to 
think carefully over the absolute fundamentals once again. If the basic data (i.e. the model equations) 
are doubtful, then all the meticulous calculations become worthless. Garbage in, means garbage out. 

Let’s go back to the start and pose a question that so far has not been taken seriously enough: What 


was the climate really like in the past before humans intervened? Is it possible to detect fluctuations 
that are cyclically repeated? A sober, data-oriented look back here is better than any mathematical 
high-tech modelling. If a development in the pre-industrial age occurred umpteen times, then how 
probable is it that the process would suddenly stop during our lifetime? Is it really plausible to think 
that natural processes have somehow miraculously ceased and the world now takes heed exclusively 
of manmade climate influences, which, without a doubt, do exist? 

All climate scientists should sensibly answer this question with a loud ‘No’. The natural 
fundamental climate patterns of the past also apply today - period. So they must be taken into account 
in the future, even if we do not fully understand their cause. Once the natural processes are identified 
and defined, we have to add the anthropogenic climate contributions to these natural dynamics to 
generate our new climate prognosis. Certain reciprocal actions are possible and have to be 
researched in detail. What exactly needs to be done? 

1. We need a detailed reconstruction and documentation of the temperature history over the 
various timescales (i.e. the last 10 years, 100 years, 1000 years, 10,000 years, 100,000 years) for 
as many areas as possible in order to be able to filter out differences caused by climate zones, 
geographical latitudes, ocean impacts, etc. 

2. We should attempt to decide on the climate control factors involved by analysing the 
historical trends. Here attention must be given to any parallelism, which is always a good starting 
point but does not necessarily indicate causality. The assignment of cause and effect is not always 
straightforward. Think for a moment of A1 Gore confusing temperature and C0 2 over the last 
650,000 years (see Chapter 4). 

3. From the historical-geological climate data, natural cycles of every type (sun, internal 
climate cycles, etc.) must be carefully worked out. At which times and places did these cycles 
influence the climatic development? Which phase are they currendy in? Extending the recognized 
cyclic provides valuable information on how each natural oscillation will impact on the climate 
in the future. 

4. When generating climate prognoses, it has to be accepted that the timing of certain climate 
factors simply cannot be predicted. Among these are climate contributions by large volcanic 
eruptions when ash clouds cause global mean temperatures to drop for a few years. And because 
of chaotic processes, the exact occurrence of solar cycles and El Nino events does not follow a 
predetermined annual timetable, but can be given only within a range. 

5. Add the anthropogenic effects (C0 2 , other climate gases, aerosols, including possible 
feedbacks) while using a more realistic C0 2 climate sensitivity, as well as various prognoses of 
C0 2 emission scenarios. 

6. Add up the effects of all the contributing natural and anthropogenic climate factors. 

7. Employ models to gain a better understanding of the role of individual components and the 
interrelationship and interaction of the climate control factors. 

8. Generate an improved climate prognosis while providing realistic scenario limits. Here the 
spectrum of possibilities should not be needlessly limited. 

Next, we analyse the important elements for an improved prognosis and estimate their potential 
impact on the future climate. Here we begin with the solar cycles; then look at the internal ocean 
cycles and finally address C0 2 . 


Milankovitch earth orbital cycles 


As mentioned in Chapter 3, the various earth orbital parameters change cyclically with lengths of 
about 20,000, 40,000, 100,000, and 400,000 years. This leads to changes in the sun-earth geometry. 
Thus solar radiation striking the earth varies in intensity, which leads to variations in the amount of 
energy reaching the earth, independent of the fluctuations in solar activity. The Milankovitch cycles 
are credited with playing a leading role in the changeovers between interglacial and glacial periods 
over the last 1.5 million years. A Milankovitch cycle triggers a new glacial period about every 
100,000 years, each followed by a short and warm interglacial lasting approximately 10,000 years 
[53-56]. Our current interglacial has been with us 12,000 years, so it is high time to start considering 
the possibility of a new glacial period. 

To do this we need to include the combined effect of all three Milankovitch cycle types into a so- 
called insolation curve, which represents a solar radiation curve (Figure 7.1). The curve shows that 
we are now at an insolation minimum. That means the earth is currendy getting less energy than it 
normally would, for geometric reasons having to do with the earth’s orbit and axis tilt. 
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Figure 7.1 Cyclic changes in the earth’s orbital parameters (Milankovitch cycles) mean that the distribution of solar energy 
received on earth changes in both time and geographic area. Due to the uneven land/sea division as well as seasonal effects, 
these cyclical orbital variations result in changes to the climate. This process occurs independently of the primary changes in 
solar activity. The graph illustrates the last 150,000 years and a forecast for the next 60,000 years (calculation for mid June 
insolation at 60° N). Glacial periods began in the past at times of insolation minima, which is where we are today [57], 

A look into the past shows that it is precisely at this point in the interglacial (warm period) that a 
switch to a cold time (ice age) usually occurred. That means today, after 12,000 years of being in an 
interglacial, the time would in principle be ripe for the next glacial period to start [57]. But things are 
not as bad as they may appear. The current insolation minimum is considerably above the minimum 
the earth saw about 100,000 years ago, which ushered in the last ice age [53, 57]. Nevertheless, we 
should not underestimate the current minimum because 400,000 years ago a similar low-intensity 
minimum marked the start of a glacial period [57]. 

So what should we make of the Milankovitch trend? Why aren’t we seeing signs of a possible end 
to the warm times? The languid Milankovitch development is superimposed by shorter-term effects, 
such as changes in solar irradiation, as well as the manmade greenhouse effect from C0 2 . First, the 
twentieth century was characterized by an unusually high level of solar activity [58-59]. Another 
reason is because the anthropogenic greenhouse gas emissions have strongly increased since the start 
of industrialization 150 years ago. Has the slow but powerful Milankovitch cycle not yet had the 
chance to manifest itself [57]? Will a moderate greenhouse effect by anthropogenic C0 2 interrupt the 
natural glacial-interglacial cycle? 

Over the next decades, and possibly the next centuries, the effects of solar activity and C0 2 will in 
any case outweigh the effects of the very long-term earth orbital effects, and so it is neither necessary 



to pursue the Milankovitch cycles further, nor to take them into account in the climate prognosis. Yet, 
for prognoses over the next thousands of years it is again necessary to consider them. 

How much potential for surprise does the sun hold? 

As we have seen in Chapter 3, the energy output of the solar power plant fluctuates. The variability is 
controlled by an entire series of solar cycles, each having a specific period length that ranges 
somewhere between 11 and 2300 years. Because of the much shorter timescales, solar activity cycles 
are much more important than the Milankovitch cycles for the climate development of the next 
decades and centuries. We shall now examine the historical course of each cycle type and extend these 
cycles into the future. What are the most likely future trends of the various cycles, based on their 
documented past developments? 

At this point we would like to voice a word of caution in order to avoid false expectations. Solar 
cycle prognoses will neither be exact to the year nor be fully quantitative. The cycles are not stricdy 
periodic [60] because ‘chaos’ impacts not only the weather and climate, but also solar activity 
[60-62]. This results in variations in the length and intensity of the solar cycles, but fortunately within 
certain ranges. For example, the Gleissberg cycle length varies between 60 and 100 years, and not 10 
and 500 years. If one uses the historically documented cycle course as a fixed point, then a statistical 
forecast of the future solar cycle maxima and minima within acceptable error limits is possible. At 
this point we need not pretend to be more ignorant than we actually are. A rough prognosis is by all 
means possible and is adequate for our purposes. We shall begin with the shortest of all solar cycles, 
the Schwabe cycle, which oscillates with an 11-year rhythm. 


Weak solar cycle 24 

The 11-year Schwabe sunspot cycles have been numbered since 1760. We are currendy in solar cycle 
24 (Figure 7.2). It is this cycle that has been the cause of sleepless nights for some solar experts. But 
let’s start at the very beginning. During solar cycles 21-23 (1976-2008) the world was in good order. 
Solar activity during each of these cycles reached high levels with relative sunspot counts of 120-65. 
Nothing indicated any problems with the solar power plant. As solar cycle 23 underwent its normal 
winding down in mid 2007, the next cycle was expected to start shortiy thereafter [63]. 
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Figure 7.2 Sunspot cycles since 1955. Solar cycle 20 (around 1970) was especially weak. The start of cycle 24, compared to 
other cycles, was seriously delayed [64], 

But the sun simply did not stir; it remained asleep. Sunspots were few. In 2008 there were 266 spot- 
free days. 2009 was hardly better with 260 days without spots. This was near record territory, as there 
had been only 3 years with fewer sunspots since 1849 [65]. The solar furnace simply refused to ignite. 
What was going on? 

Because of the solar weak phase, the experts had more than enough trouble determining the exact 
cycle minimum, which at the same time also marked the official start of cycle 24. After some toing 
and froing, they finally agreed on December 2008 [66-67]. But the sun ignored the scientists’ official 
solar minimum declaration and continued its slumber. It wasn’t until shortiy before Christmas 2009 
that it ended its long nap and slowly began to return to life (Figure 7.2). Throughout the entire course 


of solar research history since the middle of the eighteenth century, there had been only four cycles 
that had started more slowly [68]. Three of these occurred during the so-called Dalton minimum, a 
cooling phase that lasted from 1790 to 1830, when strongly reduced solar activity is well documented 
(Figure 7.3). In early 2011, after a delay of about 3 years, the sun finally fired up again, however at 
only relatively moderate activity levels compared to previous cycles [69]. 



Figure 7.3 Sunspot development over the last 400 years. The number of sunspots has been rising over the long term since the 
coldest period of the Little Ice Age (Maunder minimum) and reached a peak value in the middle of the twentieth century [70], 

The unusual solar activity of the last Schwabe cycle minimum is also reflected by other solar 
parameters [71-72]. In 2010 the intensity of the solar magnetic field sank to its lowest value in 150 
years (Figure 3.5) [73]. Accordingly, cosmic rays reached their highest level in the 50 years in which 
measurements had been taken [63, 73-75]. Solar winds had also dropped to their lowest level in 50 
years [63, 76]. Looking at parts of the extreme UV spectrum, solar radiation here had dropped a full 
15 per cent during the recent minimum when compared to the low point of the Schwabe cycle of 1996 
[77]. Changes in the UV range were larger than expected [78]. 

The late start of solar cycle 24 fits well with a weak sun. Late-start, extended cycles like cycles 23- 
24 were usually associated with fewer sunspots and reduced solar radiation in the past [79-83]. 
During the low solar activity of the Maunder minimum of 1645-1715, the average Schwabe cycle 
length was 14 years compared to just 9 years at the start of the Medieval Warm Period, when the sun 
was very active [63, 79, 84]. It appears that during long cycles the rotating plasma conveyor on the 
sun’s surface weakens and expands further at the poles than it does during active, short solar cycles 
[85]. 

Based on these observations, it is possible to make prognoses for the peak value of the current 
solar cycle 24. NASA is the most important institution for making such forecasts [86]. Interestingly, 
over the last 3 years NASA has been forced to reduce its sunspot forecast by more than half. In March 
2008 NASA officials projected a smoothed sunspot peak of 130-40, and then reduced it again to 100- 
10 in January 2009. In May 2009 they corrected it once more, this time to 80-90. And in December 
2012 NASA reduced it further, now forecasting a value of just 72. It is thought that the cycle peak will 
occur sometime in autumn 2013, although others believe that the peak may in fact have already taken 
place in February 2012 without anybody noticing it. For example, Jan Alvestad, a well-known 
meteorologist, calculated a maximum of 66.9 sunspots for the current cycle [87]. Whatever the case, 
the current solar cycle will clearly be the weakest Schwabe cycle of the last 100 years [88]. 

Using the available data, is it possible to make a prediction for solar cycle 25, which will reach its 
maximum in around the year 2025? [89-90]. From an analysis of the historical sunspot development 
since the seventeenth century, we know that a single weak cycle rarely occurs by itself but is usually 
followed by at least two weak cycles (cycles 5-7 during the Dalton minimum and cycles 12-16; 
Figure 7.3) [59, 91]. Therefore, the current weakening of solar activity could mean a departure from 
the high solar activity plateau of the last decades. 

There are more independent arguments that all point to the same conclusion: the sun is now 
entering a decades-long quiet period [89, 92-93]. 

1. The magnetic flux density of sunspots has declined continuously since 1998, and for this 
reason it is expected that solar cycle 25 will be even weaker than cycle 24 [94-97]. 

2. The huge plasma currents on and in the sun have slowed down considerably in recent 


years. NASA thus projected in 2006 that solar cycle 25 could be one of the weakest sunspot cycles 
in recent centuries [98]. 

3. The sun’s surface is pulsing in a way that indicates its engine is preparing for a long-term 
quiet period [89-90]. 

4. Changes in the sun’s corona indicate that a slowdown in solar activity is imminent 
[99-100]. 


An outlier prognosis hits the bull’s eye 

The weak and delayed cycle 24 took a number of solar experts by surprise and plainly shows that the 
field of solar activity prognoses requires much more research [91]. However, no one can claim that 
they had not been warned. Back in 2003 a small group led by Mark Clilverd, of the British Antarctic 
Survey, had suspected something was amiss even before there were signs pointing to a slowdown in 
the Schwabe solar cycles. The team produced a solar activity forecast up to the year 2140 which they 
refined in 2006 (Figure 7.4) [101-102] in which they predicted that a strongly reduced cycle 24 would 
mark the start of a solar activity slumber extending until the year 2030, before starting up again and 
remaining at a more elevated level until 2100, after which another pronounced, extended quiet period 
would ensue. Clilverd’s activity forecast was based on a careful analysis of the entire spectrum of 
solar cycles available, from the 11-year Schwabe cycle to the 2300-year Hallstatt cycle. By projecting 
these solar oscillations into the future, he obtained the information needed for correcdy predicting the 
collapse in solar activity towards solar cycle 24 that followed a few years later. 

The prognoses made by Clilverd’s group came under attack in a heated dispute in 2004, and it was 
questioned if a reasonable prognosis was even possible [103]. Critics attacked the very idea that a 
simple extrapolation of the 210-year Suess/de Vries cycle would predict the onset of a pronounced 
solar minimum. There were no indications to support this and forecasting such a minimum was 
deemed too adventurous [103]. Just a few years after these pessimistic estimations were made, the 
solar minimum appears to be in full swing - a victory for the Clilverd group and solar forecasting. 
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Figure 7.4 Solar activity prognosis made by of the Clilverd group. According to Clilverd, the current decline in solar activity is 
part of a solar weak phase that will extend to the year 2140 [101], 

Like Clilverd, Khabibullo Abdusamatov, Director of the Space Research Laboratory at the 
Pulkovo Observatory, similarly predicted a weak solar cycle 24 [104]. Using a method similar to 
Clilverd’s, he forecast that the number of sunspots for cycle 24 would not exceed seventy. That agrees 
quite well with the 2011 forecast. Very few other scientists supported the forecast of a weak cycle 24 
[105-107]. 


Crucial for the next 100 years: the Gleissberg and Suess/de Vries cycles 

The solar cycles clearly appear to be more useful than some experts once believed. We shall now take 
a closer look at the possible future development of the Gleissberg cycle and the Suess/de Vries cycle. 
The existence of both is well documented through frequency analyses of the long historical solar 
activity measurement series [98, 108]. As we have discussed, the period of both cycles varies within a 
certain range. The Gleissberg cycle on average is 87 years, with values of 60-120 years being 
common. The Suess/de Vries cycle has a mean value of 208 years [60, 109] and fluctuates between 
180 and 220 years. How have both cycles performed over recent centuries? When did they each reach 
their respective minima and maxima? 

For the historical analysis we have to recall that the cycles could not always freely unfold because 
all we can measure is the total curve, combining the contributions of several individual solar cycles. 
Here the various cycle types strengthen or weaken each other, depending on their course or phase. In 
an extreme case the peak of a cycle may hardly develop if another cycle type with a different period 
length is at its minimum. Pure mathematical, automated analysis processes may run into problems 
here. Thus an additional qualitative visual analysis is necessary. Such super impositions are most 
likely why at times deviating reconstructions of the Gleissberg and Suess/de Vries cycles are found in 
the literature. 

Taking all available data into consideration, the last Gleissberg maxima occurred in 1760, 1850, 
1940 and 2005 (Figure 7.5) [79, 101, 104, 110-114]. An analysis that goes back further is complicated 
by the distinct solar Maunder minimum [115], which represents the low point of the 1000-year Eddy 
cycle (Figure 7.3). The Gleissberg minimum of 1975 was so brief that some observers are assuming 
an alternative broad maximum for the twentieth century instead, one that spans the years 1940-2005 
[71, 115-116]. But most experts agree on the Gleissberg downward trend beginning in 2005 at the 
latest. The next Gleissberg minimum is therefore expected to occur between 2030 and 2040. 

The last minimum of the Suess/de Vries Cycle is assumed to have occurred in 1810 and coincides 
with the low solar radiation period of the Dalton minimum [117] (Figures 7.3 and 7.6). The 
subsequent maximum occurred in about 1915, but was not able to materialize fully because the 
Gleissberg cycle at the time was just coming out of its minimum. The next Suess/de Vries minimum 
is expected to occur in about 2020 [115]. Currentiy we find ourselves on a downward Suess/de Vries 
trend. Here again a tracing of the cycle back to the seventeenth and eighteenth centuries is not possible 
due to the long Maunder minimum period of inactivity. 

The pronounced plateaus of the Gleissberg and the Suess/de Vries cycles resulted in a phase of 
high solar activity during the second half of the twentieth century. This plateau ended in 2005 as both 
base cycles began their accelerated downward trend [102, 112, 118]. The projected minima of both 
cycles fall in 2020-40 (Figures 7.5 and 7.6) and thus will have a compounded effect leading to a low 
point in solar activity analogous to the Dalton minimum of 1810 [74, 83, 118-127]. This projection is 
also in harmony with the proposed projection of the Clilverd group (Figure 7.4) [101]. The decline 
may have begun with Schwabe cycle 24, which we currently find ourselves in. 
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Figure 7.5 Schematic historical maxima and minima of the 87-year Gleissberg solar activity cycle. Currently we are on the 
downward flank of the Gleissberg cycle. 
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Figure 7.6 Schematic development of the 210-year Suess/de Vries solar activity cycle. The last minimum coincides with the 
Dalton minimum in around 1810. The Suess/de Vries cycle is currently on a downward trend. 

The 1000-year cycle is now at the end of a steep climb 

As we have seen in Chapter 3, the solar 1000-year cycle is well documented during our current 
postglacial period and has had a marked impact on the global climate. The temperature development 
of the Roman Warm Period [128], the Little Ice Age and today’s Modern Warm Period are all 
components of the 1000-year cyclic. The last maxima of the solar 1000-year (Eddy) cycle took place 
in ad 0, 1000 and 2000 (Figure 7.7). The next minimum is expected to occur around the year 2500. 

At the moment we find ourselves on the plateau area of the Eddy maximum. This maximum is 
superimposed with the more frequent Gleissberg and Suess/de Vries cycles. Thus it is difficult to 
determine whether the 1000-year Eddy cycle is already on its downward flank or whether it will 
remain at its plateau a little longer. One of these superimposed effects is the recent solar activity drop 
of the Schwabe solar cycle 24. Therefore, the exact point of change of the 1000-year cycle is not easy 
to determine. 

There are many signs that suggest that the long-term peak of solar activity was left behind during 
the second half of the twentieth century and we do not anticipate any significant increase in solar 
activity over the levels we have seen during the last few decades. During the twentieth century, the 
sun’s activity reached an unusually high maximum when compared to the entire 10,000 years of the 
postglacial period [58, 129]. From an historical analysis of solar activity, we know that the sun has 
never maintained such a high level of activity for a long time and that phases of high solar irradiation 
rarely lasted more than 50 years. For 85-90 per cent of the time, the sun usually runs at considerably 
lower activity levels [60, 71]. 
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Figure 7.7 Historical maxima and minima of the 1000-year Eddy solar activity cycle (schematic sketch). We currently find 
ourselves at the plateau area of the maximum, and thus for the coming centuries we do not anticipate a further increase in solar 
activity, contrasting with the steep climb of the nineteenth and twentieth centuries. At some point during the course of the next 
100 years, the longterm decline will begin and will lead from the current Eddy maximum to the Eddy minimum, which is 
expected to occur around the year 2500. 

Consequendy, we do not anticipate any further warming contribution from the 1000-year Eddy 
cycle in the future. Rather, we should expect a negative, cooling contribution from the Eddy cycle by 
the year 2100 at the latest, once it embarks on its downward path towards a minimum by the year 
2500. This is the opposite of the development of the last two centuries when the 1000-year cycle 
powerfully drove the solar total irradiation upwards. Much more decisive for the climate equation for 
the next century are Gleissberg and Suess/de Vries developments. Both cycles are now on a rapid 
decline and are getting set for a pronounced intermediate minimum. This minimum is likely to be of 
mid-category intensity as was the case during the Dalton minimum in 1810 [63, 71]. More extreme 


and longer solar periods of inactivity of the sort we saw during the Maunder minimum will probably 
have to wait until the year 2500, as they are controlled by the 1000-year Eddy cycle. 

Internal oceanic climate variability 

In addition to solar activity, an historical analysis of the temperature development shows that climate 
system internal cycles also have a pronounced influence on climate [130-131] (see Chapter 4). 
Particularly important are the PDO, the AMO [132-133], the NAO and the El Nino/Southern 
Oscillation (ENSO). Like solar activity cycles, these climate system internal oscillations are not 
stricdy periodic and so precise annual predictions are not possible. But their periods do fluctuate 
within certain well-known parameters and so statements on general trends with a certain amount of 
acceptable tolerance are possible [134]. The causes of the internal oceanic oscillations are still 
unknown. However, the phenomenon is well documented and therefore the empirically established 
natural fluctuations must be an integral part of climate prognoses. 

Pacific Decadal Oscillation 

The PDO is characterized by changes in the surface temperature of the northern Pacific Ocean. 
Positive and negative phases alternate every 20-30 years, which yields a full cycle length of 40-60 
years. The PDO and the global mean temperature have demonstrated an extraordinary synchronicity 
with an amplitude of a few tenths of a degree over the last 500 years [135-138] (Figure 7.7 and see 
Chapter 4). 

The decline from the last high peak of the PDO cycle started in about 2000, when the global 
temperature stopped rising. Since then the PDO has declined and is entering its cold negative phase. 
Now we have a large area of cold water in the eastern Pacific (Figure 4.6). A similar cold water 
configuration was present during the previous PDO cold phase (1945-77), a time when a 
considerable global temperature drop occurred over the globe [139-140]. In 1979 a few scientists 
recognized the 60-year PDO cycle and correcdy forecast that the 1945-77 cold phase would be 
followed by a warming until the year 2000, followed by another cooling [141]. But at the time no one 
took their forecasts seriously. The current PDO cold phase is expected to persist until 2030-40 
(Figure 7.8) [139, 142-143] and so coincides with the projected solar minimum phase. A warm PDO 
phase is expected to start again in the year 2040 and will then make a positive contribution to global 
temperature development. 

The Atlantic Multidecadal Oscillation 

The AMO describes the alternation of warm and cold areas in the north Atiantic and is characterized 
by a cycle. The AMO development can be reconstructed for the past few hundred years [145-147]. 
The cycle length varies between 50 and 80 years and hence is similar to the PDO. Although the two 
ocean cycles are not synchronous, they appear to be linked [148-150]. The AMO experienced a rapid 
increase from the late 1970s until about the year 2000, in remarkable synchronicity with the global 
warming trend [151-152] (Figure 7.9). The ‘summer of the century’ in Europe in 2003 as well as the 
decline in Arctic sea ice over recent years were due in part to the positive (warm) AMO [153-154]. 
Since 2000 the positive AMO has been at a plateau, which, according to typical AMO periodicity, 
could last until 2030. A significant warming or cooling contribution from the AMO is therefore not 
expected in the next 20 years. Its anticipated decline beginning in 2030 could then drag global 
temperatures down with it. 
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Figure 7.8 Development of the PDO since 1900 along with a schematic illustration of a suggested progression until the year 
2130. For the purpose of illustration, earlier segments of the PDO were copied and added to the historical curve. The objective 
of the prognosis here is solely to determine the approximate positions of the positive and negative PDO phases and is not 
meant as a precise forecast, which is not possible due to natural variability [144], 

A Norwegian research team led by Odd Helge Ottera recently discovered that the AMO has to be 
significandy controlled by external drivers [145]. They were able to show that the phases of the AMO 
over the last 600 years were controlled mainly by fluctuations in solar activity and large volcanic 
eruptions. The AMO represents the largest main factor of influence in north Atlantic sea surface 
temperatures, which in turn also impact on the global temperature curve. A solar influence on the 
AMO was also found in other studies [147]. 
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Figure 7.9 The development of the AMO since 1860 and the schematic future progression of the natural cycles until the year 
2130. For the purpose of illustration, earlier segments of the AMO development were copied and added to the historical curve. 
The aim of the prognosis is solely to determine the approximate positions of the positive and negative AMO phases and not to 
make a precise annual forecast, which is not possible due to natural variability [155], 

North Atlantic Oscillation 

The NAO is an atmospheric air exchange between the Icelandic low and the Azores high in the 
Adantic which is controlled by air pressure. Climate in north-western Europe and the Arctic region is 
strongly affected by the NAO and the NAO history can be reconstructed over many thousands of 
years [156]. The duration of the NAO cycle varies widely with time and operates on several 
timescales. Besides the short-term fluctuations in the range of 2-5 years, the NAO also fluctuates with 
superimposed oscillations of 12-15 years (decadal oscillation) and also of about 70 years [157]. The 
NAO increased sharply between 1970 and 1990 [158] and has most likely added to the climate 
warming of the late twentieth century (Figure 7.10). Since 1990 the NAO has been on a rapid decline, 
and this could be one of the reasons for stagnating global temperatures since 2000. Mojib Latif and 
his team projected in 2008 that because of the decline of an NAO-r elated cycle, global temperatures 
would not rise until 2015 [159]. Stefan Rahmstorf challenged Latif’s prediction and, together with a 
colleague, bet 5000 euros that temperatures would continue to climb [160]. The way things look now, 
Rahmstorf should consider himself fortunate that Latif doesn’t view the science lab as a casino, and 
didn’t accept the wager. Incidentally, the NAO is suspected of being influenced, or even largely 
controlled, by solar activity changes via a complex set of mechanisms [161-172]. 
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Figure 7.10 Development of the NAO since 1820. The strong warming phase of 1977-2000 occurred during the rapidly rising 
flank of the NAO [173], 

El Nino and the Southern Oscillation 

A one-year strong warming of the sea surface water takes place in the equatorial eastern Pacific every 
2-7 years. This is the so-called El Nino. The corresponding cooling event is called La Nina, and 
occurs between El Ninos [174] (see Chapter 4). El Nino and La Nina events influence the climate far 
beyond the Pacific region and have a profound impact on global climate values. During an El Nino 
the global mean temperature rises several tenths of a degree Celsius. But when the El Nino ends, the 
temperatures quickly return to normal levels. 

The last two major El Ninos occurred in 1997-98 and 2009-10 and produced pronounced peaks in 
the warming curve when viewed over the last 150 years (Figure 4.1). Because of their irregularity, El 
Nino and La Nina events cannot be accurately forecast over the long term. However, they do occur 
within a typical repetition pattern of every 2-7 years and so have to be taken into account. These 
internal Pacific cycles therefore distort the long-term temperature prognoses for single years by a 
few tenths of a degree upward or downward. 

El Nino and La Nina events are closely coupled to the atmospheric Southern Oscillation, which is 
an alternating air mass exchange between the south Asian low pressure zone and the southeast Pacific 
high pressure region and is controlled by air pressure [175]. Because of the strong impact that the 
ENSO cycles have on global climate values, the Southern Oscillation Index (SOI) is a good impulse 
generator for influencing the short-term global mean temperatures after deducting volcanic events 
from the temperature curve. Note that the temperature generally follows the SOI curve after a lag of 
5-7 months (Figure 7.11) [176]. The degree of synchronicity between the SOI and temperature offers 
promising possibilities for forecasting global temperatures for half a year in advance [177]. These 
short-term prognoses have been well confirmed in the past [178]. Another ENSO prognosis method is 
based on the analysis of sea surface temperatures in the north-western Pacific and attempts a one-year 
forecast [179]. There are similar prognosis possibilities available for the winter temperatures of the 
Northern Hemisphere [180]. 
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Figure 7.11 Half-year forecasts of annual global temperature (red) through the SOI (green). This is possible because it has 


been empirically established that temperature follows the SOI curve after a lag of 5-7 months [181]. 


Last but not least: carbon dioxide 

The atmospheric C0 2 concentration since the pre-industrial era, beginning in 1750, has risen steadily 
from 280 ppm to the current level of around 390 ppm (Figure 3.8). One reason is the increased 
emissions of C0 2 from burning fossil fuels (coal, oil and natural gas). Currently, the C0 2 
concentration in the atmosphere is rising almost 2 ppm a year and atmospheric concentrations will 
continue to rise owing to the continued consumption of fossil fuels. The rate mainly depends on 
global economic growth and the industrialization associated with it, especially in emerging and 
developing countries. Another important factor is the rate at which fossil fuels are replaced by low 
C0 2 or non-C0 2 energy [182-183]. 

Overall, the climatic impact of the projected C0 2 rise depends on the climate sensitivity of C0 2 . 
Just how powerful is C0 2 in causing warming? The IPCC models assume temperature increases of 
2.0-4.5 0 C for each doubling of C0 2 [184]. But because this significandy underestimates the role of 
natural climate control factors, more realistic values need to be applied (see Chapter 6). If one 
eliminates the water vapour amplification effects and attributes the observed 0.8° C of warming since 
the end of the Little Ice Age to the pre-industrial climate drivers, then a C0 2 climate sensitivity of 1.0- 
1.5° C appears probable for each doubling of C0 2 [185]. Progressive corrections of the exaggerated 
C0 2 climate sensitivity have already begun and IPCC values are gradually crumbling. An American- 
Spanish research team recently published a study in Science in which they reduced the possible range 
of the climate sensitivity to 17-2.6° C per C0 2 doubling [186]. Further downward corrections may 
well be shown in future studies. 

For the purpose of calculation, we use the IPCC A1B emissions scenario, which many experts 
consider to be realistic. In this scenario C0 2 emissions increase during the first half of the twenty- 
first century because of the industrialization of today’s developing and emerging countries, but later 
stabilize because of a more balanced energy mix and expected technological progress in the second 
half of the century. They may even drop somewhat by then (Figure 7.12) [182, 184]. In the A1B 
scenario the atmospheric C0 2 concentration reaches a peak of about 700 ppm by the year 2100 [187], 
less than doubling today’s 390 ppm, which would result in a warming of about 0.8-1.3° C using the 
given C0 2 climate sensitivity. To estimate the total climate change, this C0 2 -dependent warming 
contribution has to be added to the temperature contributions of the other climate control factors, 
such as solar cycles and internal oceanic climate cycles. 

Under the bottom line 

It is clear that the temperature movements in the pre-industrial period, as well as over the past 150 
years, have always been the result of a combination of the different climate controlling processes 
[128, 143, 188]. Claiming that C0 2 is the main factor for the future of the climate makes no sense. 

We shall now carry out a schematic trend estimate for the future climate. The basis is the projected 
course of the solar activity cycles and the climate system internal factors such as the PDO, AMO and 
NAO. To these we will add a realistic C0 2 emission warming contribution. Short-term cooling 
effects through large volcanic eruptions as well as the El Nino/La Nina-related temperature ups and 
downs will not be considered in our longer-term estimation. Note that our model is a schematic 
representation, and future climate models will have to be used to adjust and refine this prognosis. 


The world in 2035 

As the solar cycles show, we can expect cooling from the sun over the next few decades. The 
Gleissberg and Suess/de Vries cycles will reach their low points between 2020 and 2040, and that 
means solar activity may reach a low level comparable to the Dalton minimum, which occurred in 
around 1810. At that time the temperature was nearly 1° C lower than it is today [189-191] and at least 
half of that was due to the weak sun. The PDO, which impacts the global temperature trend 
significandy, will also be at its low point in 2035 (Figure 7.8), and thus it too will add a cooling effect 
[140]. Another negative temperature contribution can be expected from the AMO, which will begin to 
drop in around 2020 (Figure 7.9). Internal climate cycles are generally responsible for about 0.2-03° 
C of the temperature dynamic. If one calibrates the various natural climate cycles to the documented 
geological data series of the past, then a total cooling contribution from the natural climate control 
factors of 0.4-0.6 0 C is expected to occur by the year 2035 compared to today. 

This cooling will be absorbed to some extent by the warming effect of the anthropogenic 
greenhouse effect. According to the IPCC A1B emission scenario, the C0 2 concentration of the 
atmosphere will reach 450 ppm by the year 2035 (Figure 7.12) [192]. Applying a realistic C0 2 climate 
sensitivity of 1.0-1. 5° C for each doubling of C0 2 means an increase to 450 ppm will yield a 
temperature rise of 0.2-03° C. In summary under the bottom line, and taking all the important natural 
and anthropogenic climate factors into account, we can anticipate a modest global cooling of 0.2-03° 
C by 2035 compared to today (Figure 7.12). Others also project cooling [193-200]. Claims that the 
next solar minimum barely has a measurable effect on world temperatures [201-202] are 
questionable because they are based on an unrealistically small climate effect of solar activity 
changes, which is incompatible with real data reconstructed for the past 10,000 years using 
geological methods (see Chapter 3). 

The world in 2100 

In the second half of the twenty-first century the sun will once again become more active and the earth 
will warm, but not as it did in the 1980s and 1990s [101, 126]. This phase will end in about 2100, a 
time when the sun will once again reach a point of low activity last witnessed during the Dalton 
minimum in around 1810 [101-102]. This solar slumber will produce a cooling of about 03-0.4° C 
compared to today. The PDO will also reach a low to intermediate level (Figure 7.8) [139, 
193,196-197]. 



Figure 7.12 Our schematic temperature prognosis until the year 2100 uses a combination of anthropogenic and natural climate 
factors. As a comparison, the current IPCC prognosis is shown. The values apply for the A1B IPCC C0 2 emissions scenario 
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It is difficult to predict atmospheric C0 2 concentration for the year 2100. First, oil reserves will 
probably be exhausted by then [203] and natural gas production will be approaching its end phase. 
Will fossil fuels be playing any part at all? Research and technology do not remain stagnant and the 
development of new kinds of energy technology, such as nuclear fusion, is uncertain. For example, 90 
years ago who would have predicted today’s computer age? Thus it is unclear whether alternative 
sources of oil and gas reserves such as shale oil, oil sand, shale gas, and coal bed methane (coal gas) 
will be tapped at all, due to cost considerations, or will have become obsolete thanks to more cost- 
effective, carbon-free energy sources. 

The atmospheric C0 2 concentration of the year 2100 can be estimated only roughly, and will fall 
somewhere between 500 and 1000 ppm [192]. If we assume the generally expected A1B emissions 
scenario, then C0 2 concentration in the atmosphere will climb to 700 ppm by 2100 (Figure 7.12). 
Using a realistic C0 2 climate sensitivity of 1.0-1. 5° C for each doubling of C0 2 , a C0 2 -induced 
warming of about 0.8-13° C will result. Taking sun, PDO and C0 2 together will yield a temperature 
increase of 0.6-1.0 0 C compared to today, depending on the C0 2 climate sensitivity (Figure 7.12). 
This is in stark contrast to IPCC’s prediction of a more dramatic temperature increase of 2.55° C 
[184]. 

The IPCC was not unaware of the discussion of the sun entering a slumber, and thus has scrambled 
to remove all doubt over its projection using a 'rescue publication’. Stefan Rahmstorf, together with 
his colleagues in Potsdam, fed the new solar forecast into a solar-unfriendly computer model and 
now believe they have been able to show that a weak sun will only marginally put the brakes on the 
IPCC forecast of a strong warming trend until the year 2100 [202], The authors, who are very close to 
the IPCC and keep true to its tradition, failed to take any solar amplification into account (see Chapter 


6). They merely calibrated their temperature forecast to variants of Mann’s hockey stick [204-207] 
and assumed an exaggerated C0 2 climate sensitivity. Because of these reality-divorced assumptions, 
the model’s results are worthless. Using the same dubious approach, the Potsdam group also tried to 
play down the sun’s climate relevance over the last millennium [208]. 

Some scientists are predicting an even smaller temperature increase than ours of only 0.2-0.5 0 C 
by the year 2100 compared to today [139, 196-197]. This may be possible because C0 2 climate 
sensitivity might be even lower than what we have assumed in our calculations, and/or because the 
sun is responsible for more than 50 per cent of the long-term climate activity, and/or the IPCC A1B 
emissions scenario is too high owing to a possible steady decline in the use of fossil fuels later this 
century. 

The well-known 2-degree target limit in any case will not be reached, and done so without a hectic, 
socially explosive transformation of the entire industrial base. The 2-degree target describes the 
international climate policy of limiting global warming to less than 2 degrees Celsius compared to 
the level before the start of industrialization [209]. Here the 0.8° C warming observed so far has to be 
added to the expected warming from today until the year 2100. 

One has to recall that at least half, if not two-thirds, of the warming so far is attributed to the sun 
and is modulated by internal oceanic climate cycles. The reference point of the 2-degree target 
happens to be the Little Ice Age, a natural cold phase. The subsequent warming is a natural process 
that routinely took place about every 1000 years during the postglacial period. Conflating the 
anthropogenic and natural causes for the 2-degree target limit is certainly not leading us anywhere. 

The world in 500 years’ time 

Because of the 1000-year Eddy cycle, solar activity will have reached its low point in 500 years. 
Analogous to the last irradiative minimum of this cycle, the Maunder minimum of the Little Ice Age, 
a cooling contribution of about 1° C has to be calculated with respect to today’s temperature [189]. 

The C0 2 concentration in the atmosphere that we can expect at this point is unclear. It has to be 
assumed that oil, gas and coal reserves will be exhausted by then, and so no further C0 2 emission will 
come from these sources. In addition, it is unclear if fossil fuels will even have to be exhausted 
because inexpensive carbon emission-free sources of energy may be found long before the year 
2500. 

Let us assume that conventional fossil fuels for the most part will be fully exhausted in the year 
2500. That would give an atmospheric C0 2 concentration of up to 2000 ppm [210]. However, it has to 
be assumed that methods for technically processing C0 2 will have been developed by then and thus 
the 2000 ppm level will never be reached. 

If filtering out does not occur, however, C0 2 in the atmosphere will double twice with respect to 
today’s concentrations. Using a C0 2 climate sensitivity of 1.0-1.5 0 C per doubling of C0 2 compared 
to today, we arrive at a positive temperature contribution of 2-3° C for this maximum 2000 ppm of 
C0 2 . If one tallies the climate contributions of the weakening sun and the anthropogenic greenhouse 
effect, then in the year 2500 we will reach a temperature of 1.0-2.0 0 C above today’s level. And if we 
limit emissions so that atmospheric concentrations never exceed 450 ppm, then the natural solar 
cooling of 1° C will be fully effective and global temperatures will fall to Little Ice Age levels. 

As no significant emissions of C0 2 from fossil fuels are expected by the year 2500, we can 
assume that the climate by then will have begun to stabilize. Once the main emission phase of C0 2 
into the atmosphere ends, the C0 2 concentration will slowly decline because the land and oceans will 


steadily absorb much of the C0 2 . 


IPCC projections reality check 

Since 1990 the IPCC has published four reports with temperature prognoses. We now compare the 
IPCC projected temperature developments with the real measured curves (Figure 7.13). The 
temperature prognosis in the first report was the most aggressive of all the IPCC forecasts. But the 
real measured temperatures turned out to be almost always below the prognoses. Starting in 2000 the 
gap began opening up as the warming of the real world came to a halt and the projected curves 
continued their upward climb (Figure 7.13). 

Because of the divergence problem, the prognosis in the 1995 report was significantly scaled 
back, a little too far, as the middle forecast of the 1995 second report was always somewhat below the 
real measured temperatures. So in the TAR in 2001 a stronger warming was again projected. 
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Figure 7.13 Real temperature development since 1980 compared to the mean prognoses of the various IPCC reports. Also 
shown is our temperature prognosis for the next 20 years [211]. 

In the first years the prognosis wasn’t that bad (Figure 7.13). The measured temperatures fluctuated 
within the IPCC’s projected corridor. But beginning in the year 2004 the real measured values were 
once again well below the projected trends most of the time. The warming prediction of the 2007 AR4 
deviates only slighdy from TAR and thus suffers from the same problem. Because of the missing 
warming in the first decade of the twenty-first century, the difference between the prognosis and the 
real measured values quickly opens up (Figure 7.13). 

It is clear that none of the model projections are going to work. After just a few years the 
prognoses will have to be replaced and adjusted to reflect the real world. Real prognosis capability 
has eluded all models thus far. None of them predicted the missing warming since 2000. That alone 
would not be bad should the missing warming reappear over the coming years and the temperature 
trends upwards. But that doesn’t appear to be the case, as solar activity and the climate internal ocean 
cycles are on a downward trend. The model projection curves will therefore most likely diverge even 
further over time. 

That raises the question how all this could have happened at the IPCC. What went wrong? The 
strong temperature increase from 1978 to 1998 apparendy stunned the scientists so much that they 
simply extended the trend into the future in a kneejerk reaction. They failed to notice that the positive 
flank of the 60-year PDO cycle was at play and that solar activity had been rising since its low during 
the 1970s (Figures 4.7 and 4.8). They simply failed to recognize that the rapid warming was a special 


case, not the norm. And when the PDO reached its positive peak in the year 2000, the temperature 
increase ended. The recent dramatic collapse of solar activity now heralds a cooling phase over the 
coming few decades, one that will initially not be offset by C0 2 . 

The time for simplistic IPCC climate prognoses is over. In its next report the IPCC should abandon 
its linearly rising forecast once and for all. But unfortunately, this is not going to happen. A draft of 
the fifth report (AR5) was leaked in December 2012 and revealed that temperatures in the latest IPCC 
climate models will still be mainly driven by C0 2 . According to the draft, the global mean surface air 
temperature will be warming by 04-1.0° C during 2016-35 relative to the reference period of 1986- 
2005. For the end of the twenty-first century, AR5 expects a warming of 1° C in the best case to 4.8° C 
in the worst case [212]. This is a little less than in the fourth IPCC report but again is very one- 
dimensional. 

These forecasts will ultimately have to be replaced by refined curves characterized by the up and 
down trends of various natural cycles superimposed over each other. Carbon dioxide will remain an 
integral component of the climate equation, but its dominant role will have to be abandoned. Instead, 
it will have to become a partner in a mix of climate control factors which have been playing a role on 
our climate for millions of years. Man is influential and has profoundly changed the world over the 
course of time. But at the same time we should not overestimate our abilities and believe we are able 
to overcome natural forces and processes. 
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8. How climate scientists are attempting to transform 
society 


Energy policy used to be decided by three pillars: economics, supply and environmental protection. 
But today European and German policies are predominantly decided by only one: climate protection. 
Every energy policy measure is now subject to the guiding narrative of climate protection. Supply 
reliability and economics have taken a back seat. Moreover, it all boils down to a lot more than just 
abstract energy policy measures; it is also about controlling the behaviour of the global citizenry. In 
2008 IPCC Chairman Rajendra Pachauri asked people to eat less meat. There are probably good 
reasons for doing so, but protecting the climate had never been among them. Greenpeace advises 
citizens to eat vegetable quiche instead of roast pork and that we also refrain from travelling by air 

[1] . Professor Leggewie of Essen, a member of Hans-Joachim Schellnhuber ’s Advisory Council on 
Global Change (WBGU), recommends that Europeans refrain from eating asparagus out of season: 
‘The enjoyment of the pleasures of individual freedom must not lead to the blockade of third parties,’ 
he said sombrely of those who he believes emit too much C0 2 . ‘Of course nobody has to buy 
asparagus from Chile during the winter when this involves excessive emissions of greenhouse gases’ 

[ 2 ] . 

There is a growing tendency not to just leave it to more calls to act, but to interfere with people’s 
lives through restrictive laws and regulations. That leading representatives of current climate policy 
are demanding we go even further, all in the name of a just cause, is illustrated by a high-level 
position paper titled World in Transition - A Social Contract for Sustainability (literal translation 
from the German: Societal Contract for a Great Transformation ). The position paper, which 
Schellnhuber himself called a ‘master plan for a transformation of society’ [3], was released by the 
WBGU in April 2011 [4]. The nine-member WBGU is an influential advisory board to Chancellor 
Merkel on environment and climate protection. Among its functions the expert report examines some 
essentials for rapidly steering global society onto a climate-friendly development path, one that 
would quickly relinquish coal and nuclear energy. The most important feature of the society- 
transforming plan is a powerful green state that would be able to force sustainable lifestyles and 
consumption cutbacks on world citizenry. 

These are the WBGU’s core statements: 

1. The current economic model (‘fossil industrial metabolism’) is normatively no longer 
tenable. ‘The transformation to climate compatibility is ... morally as compelling as the abolition 
of slavery and the condemnation of child labour.’ Decarbonizing the global economy has to 
proceed quickly. Going without nuclear energy and coal must be implemented simultaneously 
and immediately. 

2. ‘The WBGU views the sustainable global conversion of the economy and society as “The 
Great Transformation”. The named central transformation fields of production, consumption 
patterns and lifestyles must be modified so that global greenhouse gas emissions over the course 
of the next decades drop to an absolute minimum and that climate compatible societies can begin 
to take over.’ 

3. A11 nations must put their self-interest aside and submit themselves to a new form of 
collective responsibility for the climate (Global Contract for Society for a Climate-Compatible 
and Sustainable Global Economic Order) ‘The global citizenry agree to innovation expectations 



that are normatively bound to the postulates of sustainability, and in return give up the 
spontaneous wishes for maintaining the status quo. The guarantor of this virtual contract is the 
guiding state.’ 

4/The energy transformation to sustainability can only succeed when ... non-sustainable 
lifestyles, especially in the industrial and emerging countries, are stigmatized and frowned upon 
by society.’ 

5.1n Germany, climate protection must become the state’s overriding objective to which the 
decision-making of the legislature, executive and judicial branches are aligned. ‘To 
institutionally anchor future interests, the WBGU proposes supplementing parliamentary 
legislative processes with a deliberative “Future Chamber”. To prevent interest- and party-based 
interference, the make-up of such a chamber could be determined by random selection, e.g. a 
lottery process.’ 

The WBGU’s assessment reveals that the rapid decarbonization of the global economy while going 
without coal or nuclear energy is a utopian target. It demands the highest levels of idealism, altruism 
from its citizens and society, and it expects a willingness to sacrifice that blows away any realistic 
dimensions of normal life. Therefore, it is no surprise that this cannot be realized through democratic 
means. Why should people voluntarily give up their claims to material prosperity and security? 

Realistically, the WBGU shows that the decarbonization of society can be achieved only through 
the firm hand of an allpowerful state on both a national and international scale. This would be 
implemented principally by new institutions. Germany’s WBGU calls for a Global Security Council 
for Sustainability. The suggested Future Council for Germany, for example, would supplement 
legislative authority, and would not be democratically appointed. 

Although the WBGU calls for ‘civil participation’, it does so only if it serves to implement the 
objective of ‘climate protection’. Or, as poignandy described by Professor Emeritus Carl Christian 
von Weizsacker, who criticizes the WBGU, ‘More democracy yes, but only if it serves our purposes’ 
[5]. The climate protection objective of a powerful green state could in itself no longer be questioned. 
The demanded ‘stigmatization of non-sustainable lifestyles’ would rapidly be achieved. Those who do 
not agree with the sustainability movement would be marginalized and excluded from the new green 
state order, and that would include anyone sympathetic to today’s industrial society. 

The powerful green state would present a societal contract. The WBGU claims there is a general 
desire for climate protection and decarbonization. It bases this above all on the superior moral insight 
it believes it has gained through its expert knowledge. This puts the WBGU on a par with the state- 
philosophical tradition of Jean-Jacques Rousseau. As known from the history of western states, 
authoritarian and utopian Jacobinism had its roots in the concept of volonte generate - the general 
will of the people. The vision of the powerful green state is in the same tradition. 

With respect to scale, the WBGU places the decarbonization of the global economy in the same 
league as the Neolithic and industrial revolutions. But it is not correct when it claims that the 
deliberate, planned, radical restructuring of the economic and social systems - as is the case with 
decarbonization - is without historical precedent. There are examples in recent history, such as, to 
some extent, the industrialization of the Soviet Union during the 1920s and 1930s, or the Great Leap 
Forward, as well as the Cultural Revolution, in Mao’s China [6]. 

No matter whether planned or not, revolutionary transformations of large-scale economic systems 
always involve austerity and hardship for the generations who experience them at first hand. A radical 
transformation always means that productive economic structures are toppled and new ones have to 
be constructed. Each ‘great transformation’ for that reason is necessarily a period of investment and 
abstinence from consumption. This is clearly illustrated by history (e.g. through the ‘social question’ 


in the Industrial Revolution with its temporary immiseration of the working classes). 

The price of the WBGU’s utopian Jacobinism, which would achieve climate protection quickly, 
radically and through great sacrifice, is astronomically high. Democracy, freedom of choice and the 
right to material prosperity cannot be sacrificed. The same is true for the variant that Schellnhuber 
advocates: 'Perhaps we have to innovatively further develop the democratic institutions. Personally, I 
could well imagine assigning 10 per cent of all parliamentary seats to ombudsmen who would 
exclusively represent the interests of future generations’ [7]. 

Fortunately, it is becoming increasingly clear that the driving force behind the ‘Great 
Transformation’ is stalling because global warming hasn’t happened over the last 15 years and the 
number of respected scientific opinions (outside of the WBGU and the Potsdam Institute) agreeing 
that we are headed for a protracted phase of cooling or stagnation is growing. In the end, the entire 
basis for the legitimacy of the ‘Great Transformation’ could disappear completely. Until then, we will 
be forced to scale back a fundamental component of state decision-making ... in a word, democracy! 
Many of the decisions that have been made so far are irrevocable. The high costs serve to destroy our 
prosperity because this money is lost permanently and therefore is not available for other crucial 
areas such as education, infrastructure and development aid. 

Throwing democratic achievements overboard in favour of protecting the climate has become 
fashionable, not only in Germany, but in other countries too. James Hansen, Director of the NASA 
Goddard Institute for Space Studies in New York, regularly and openly expresses his doubts that 
democracy can halt global warming. Not long ago he praised China’s autocratic regime, calling it a 
beacon of hope. There, sustainable living could be decreed by law [2]. 

Hansen’s sociopolitical stance became clear in 2008 when he endorsed Keith Farnish’s book 
Time’s Up!. In this eco-fascist work, calls are made to eradicate cities, blow up dams and carry out 
acts of sabotage in order to stop the greenhouse gas machinery: ‘The only way to prevent global 
ecological collapse and thus ensure the survival of humanity is to rid the world of industrial 
civilization’ [8]. Hansen’s comment can be read on the website of Green Books: He writes, ‘Keith 
Famish has it right: time has practically run out, and the “system” is the problem. Governments are 
under the thumb of fossil fuel special interests - they will not look after our and the planet’s well- 
being until we force them to do so, and that is going to require enormous effort’ [9]. Hansen later 
backpedalled, claiming that he was not supporting anarchy. But in the end he only made sure that his 
government affiliation would no longer be used along with his name when advertising the book - a 
well-nigh meaningless gesture when compared to the dehumanizing demands mentioned. 

This scarcely dented Hansen’s reputation in the climate scene, as he’s a ‘rock star’ among 
American climate scientists. His popularity and high reputation within the circles of environmental 
organizations is understandable: he always has the most radical prognoses and demands. This applies 
to his prognosis for the sea level rise (5 metres by the year 2100; see Chapter 5) or his demand that 
the atmospheric C0 2 concentration be reduced to 350 ppm (today it is 390 ppm) because such C0 2 
concentrations have never existed over the last 400,000 years [10]. He concludes from this that the 2° 
C increase, the upper target of climate policy, had never been exceeded during this period. Here, it has 
long since been shown that C0 2 during the transitions between glacials and interglacials of the last 
million years followed natural temperature change. 

As others have shown and as we have illustrated in this book, the 2-degree target in this century is 
not in danger. However, this EU-decreed target has been manoeuvring the ruling climate theory into a 
very awkward position. Undoubtedly, climate policy is now snared in its own trap - a seemingly 
inescapable dilemma. If the IPCC climate theory is correct, and at the same time the 2-degree target 
really has to be met, then the scale of the necessary sociopolitical intervention in society would be so 


great that it would be impossible to get the citizenry’s backing. Consequently, the sociopolitical 
proposals for intervening in social and economic systems are becoming ever shriller and more 
extreme, as is clearly demonstrated by the WBGU. 

If the IPCC were right, the 2-degree target would be impossible to attain because annual emissions 
are going to rise to 42 billion tons by 2030 no matter what we do, despite the strictest of reduction 
measures in Europe (see Chapter 9). This is mainly due to China’s rapid C0 2 emissions increase. As 
Figure 8.1 shows, an annual emissions reduction of 9 per cent a year would have to take place 
beginning in the year 2020. But China has already declared that it will not implement any absolute 
emissions reduction until 2030. Therefore, it is simply impossible to meet the 2-degree target. 
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Figure 8.1 Possible global C0 2 emission paths the world would need to follow in order to fulfil the 2-degree target with a high 
probability, according to the WBGU [11], 

It is thus illusory to believe that anthropogenic emissions could be reduced to zero between 2030 
and 2040. How did Europe even come up with the 2-degree target in the first place? The economist 
William Nordhaus once determined that the global mean temperature over the last several hundred 
thousand years had never been 2° C warmer than it is today. And because of this, he postulated in 1975 

[12] that this should also be the case in the future. Derived from data from the earth’s history, he also 
suspected that a doubling of C0 2 would lead to a 2° C warming. Carlo Jaeger of the Potsdam Institute 
describes how the 2-degree target was arrived at: 'Nordhaus believed at the time that a warming of 2° 
C meant the same as doubling the pre-industrial C0 2 concentration (which we know today is based on 
false assumptions) and thus took this doubling as a preliminary benchmark. This is what a large 
majority of the modellers did for the IPCC as well, and they produced new estimations of the impacts 
of such a doubling over the following years’ [13]. 

In 1995 Schellnhuber made the idea his own and through the WBGU demanded that the 2-degree 
target be adopted by European and German politicians. At the time the WBGU advised then Federal 
Environment Minister Angela Merkel, which led to far-reaching consequences. In 1996 the EU set the 
2-degree target in the European Council of Ministers as the official target of European climate policy 

[13] . But agreement on binding steps to reduce emissions of greenhouse gases failed to materialize at 
the UN Climate Conference in Durban in December 2011, and UN members also failed to agree on 
concrete action in Doha in December 2012. Some EU states would love to formulate new (reduced) 
targets, but they are constrained because the influence of climate scientists, the IPCC and 
environmental organizations is too powerful in international climate politics, and any changes would 
be snuffed out in short order [14]. As a result, the EU is trapped by the climate scientists’ generally 
accepted demand for an 80-95 per cent reduction in C0 2 emissions by the year 2050. 

However, this is simply not going to work, nor is it necessary, as we have shown. According to 
Silke Beck of the Helmholtz Centre for Environmental Research, Leipzig, ‘At stake is the very 


reputation of the part of climate science that provides statements of its findings to the public and 
claims to have the authority to define with respect to policy and the public’ [15]. Climate scientists are 
about to find out that ‘climate policy in western democracies is about politics’ [14]. 

Hopefully, in the future a far less important role will be played by the climate Cassandras like 
Schellnhuber and Hansen, who are convinced that over the long term we ought to take the atmosphere 
back to a cooler state, like the one that prevailed in the Late Neolithic when humans were sedentary 
[7]. 

Politics will surely be aligned along the more realistic lines of citizens. In the end even 
Greenpeace will have to accept this. No organization has ‘climate change’ written across its flag more 
than Greenpeace. For 20 years this organization has been staging headline-grabbing, spectacular 
stunts against the use of fossil fuels. Greenpeace writes about its own director for renewable energies, 
Sven Teske: ‘Sven Teske needs global dimensions and powerful opponents to be at his best. For more 
than half of his life he has clashed with industry bosses, politicians, and even people of his own kind. 
And not once has he ever lost sight of his target: bringing renewable energy to a breakthrough - and 
to do so worldwide’ [16]. This occasionally included being on board the Greenpeace ship Argus as a 
campaigner at the coal-importing seaport of Rotterdam in order to block shipyard cranes and prevent 
the unloading of foreign coal freighters [17]. 

One really has to wonder that Teske was a lead author of the IPCC 2011 Special Report on the state 
of renewable energies [18]. Together with the European Association for Renewable Energies and the 
Deutsches Zentrum fur Luft und Raumfahrt (German Centre for Aerospace and Aviation) Teske 
published a study titled The Energy (Revolutions Scenario [19]. It is precisely this Energy 
(Revolutions scenario that the 2011 Special Report quotes in many places. Teske’s scenario also 
provides the opening sentence of IPCC press releases, namely, ‘Almost 80 per cent of the worldwide 
energy supply could originate from renewable energy sources by the middle of the century - if 
political measures supported it’ [20]. In reality, this figure is reflected in only one of 160 studies. 
According to the other studies, only an average share of 27 per cent will be achievable by the year 
2050. Yet only Teske’s 80 per cent value made it to the headlines in the media. As is the case for IPCC 
members, lead authors are selected by the governments, and Teske was chosen by the German 
government - specifically by the Federal Ministry of Environment and the Federal Research Ministry, 
according to Der Spiegel [21-22]. Climate policy thus gets formed as follows: Teske mutates to lead 
author of the IPCC’s scientific report and then quotes himself. The result? What he had been 
demanding in various brochures since 2006 winds up becoming the IPCC’s essential demand for 
world policy. 

This is by no means an isolated incident as Donna Laframboise discovered [17, 23]. Many key 
IPCC players are closely connected to Greenpeace and WWF. For example, the lead author for a 
special IPCC report about carbon capture and sequestering (CCS) was Gabriela von Gorne, who was 
also a reviewer of the 2007 report. As a climate expert on the Greenpeace website in 2004, she 
announced, ‘As long as the course of the direction [the expansion of renewable energies] is not set, 
we have to keep our hands off C0 2 storage. Otherwise this will become a dangerous dead end: one 
carries on as normal, burns the coal, and thinks everything is OK. But it isn’t ...’ [24]. It is also telling 
that one of the lead authors of the 2007 IPCC report, Bill Hare, has been director of climate policy at 
Greenpeace since 2000 and advises the organization today. He was one of the authors that 
summarized the Synthesis Report, including the recommendations for policy makers [25]. Isn’t it odd 
that only his project work at the Potsdam Institute for Climate Impact Research was mentioned in the 
author overview, and not his association with Greenpeace [26]. Hare has also been selected as a lead 
author for the next IPCC report. Malte Meinshausen is shown by many papers to have been 
responsible for Greenpeace until 2003 [25]. In 2005 he received his PhD and was immediately 


selected as author for three (!) chapters. He has been at the Potsdam Institute since 2006 and until 2011 
led the team that dealt with the 2-degree target [27]. 

It is remarkable how a small group of scientists, through the UN, has managed to create the 
impression that what they have discovered to be correct is the scientific consensus. Worse, policy 
makers have been using these poorly based findings as guidance on policy. That may work for a 
while, but reality is now destroying the theories that have long been the sacred cows of these 
scientists, who allowed themselves to become intoxicated by their political influence and whose views 
have long been closed by dogma. 
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9. A new energy agenda emerges 


The most important factors impacting the development of the worldwide energy supply are a 
growing population and the simultaneously rising gross domestic product of emerging countries. 
Moreover, concern over a shortage of oil and gas plays an important role, as it risks leading to rising 
world market prices. From the perspective of the industrialized countries, dependency on energy 
imports is also a driving factor. Seventy per cent of oil reserves and 40 per cent of today’s natural gas 
reserves are located within a strategic ellipse that extends from the Persian Gulf to Russia. Many 
geopolitically unstable countries are found there. The approaches for securing an energy supply vary 
from country to country. Currendy, China is buying oil and gas reserves all over the world, from Iran 
to Sudan, Bolivia to Syria, and establishing access to other important raw materials and natural 
resources to secure its own supply. 

Unlike China, the main driver of the energy agenda in Europe is climate change. In Europe, and 
especially Germany, the assumption that climate gases emitted by man will lead to a near 
uncontrollable global warming is the most important factor determining energy policy. The quest to 
avoid C0 2 emissions dominates while all other considerations are cast aside. How else does one 
explain why the EU has mandated a biofuel target of 10 per cent by 2020 without even considering the 
impacts that agricultural land shortages have on food crops, and why the domestic supply of fossil 
fuels such as lignite is being scaled back by C0 2 certificate trading? That and much else would be 
justified if this were truly successful in offsetting the effects of global warming. All this assumes that 
the fundamental claims that manmade C0 2 emissions catastrophically influence the climate are 
justified and that these EU measures are successful in the first place. 

Today 87 per cent of global energy consumption depends on fossil fuel-based energy [1]. If the 
target proclaimed at the UN conference in Copenhagen to limit global warming to a maximum of 2° 
C is to be met no matter what the cost, then the industrial countries will have to reduce their emissions 
by at least 80 per cent by the year 2050. Yet, emerging countries such as China, currently by far the 
world’s largest emitter, are not considering cutting back until 2030. With per capita emissions of 7.2 
tons, China has already overtaken most countries (such as France at 5.7 tons per person) and will 
overtake the EU in 2014 and the United States by the end of the decade [2]. Climate policy even 
determines the distribution of economic growth, and with it growth in national prosperity over the 
coming decades. That is precisely the objective, says Ottmar Edenhofer of the Potsdam Institute for 
Climate Impact Research: Through climate policy, we are de facto redistributing global wealth. That 
the countries who own reserves of coal and oil are not keen on this is obvious. One has to disabuse 
oneself of the illusion that international climate policy is environmental policy’ [3]. 

With regard to a reduction in C0 2 emissions, Europe has for the most part been ploughing a 
lonely furrow, accompanied only by Australia and New Zealand. These nations together represent 

14.3 per cent of global emissions, while 85.7 per cent comes from countries that have no intention of 
limiting their emissions, among them China, India, the United States, Russia, Japan, Canada, Saudi 
Arabia, Korea, Brazil, Mexico, South Africa and Indonesia (Figure. 9.1). Their share rose in 2011 to 

86.3 per cent. 

One thing is certain: reducing C0 2 emissions is expensive. In his report commissioned by the UK 
government, Lord Stern proposed in 2006 that 1 per cent of the world’s GDP should be used annually 
to stabilize atmospheric C0 2 concentrations at 550 ppm [5]. Two years later he increased his demand: 



‘In order to remain under 500 ppm ... it would cost approximately 2 per cent of the GDP’ [6]. That’s 
an unimaginably massive figure! The German government alone would be saddled with a 50 billion 
euros a year bill [7]. For the EU as a whole annual outlays of 270 billion euros would be needed to 
achieve the corresponding C0 2 reduction by 2050 [8]. In addition, according to the Copenhagen 
conference, 100 billion dollars a year are to be transferred by 2020 to developing countries via a 
‘Green Climate Fund’ [9]. The United Nations goes so far as to calculate that the developing countries 
need 500 billion dollars annually [10]. 



Figure 9.1 Share of emissions by Europe, Australia and New Zealand, who have announced a reduction in emissions while the 
rest of the world prefers not to commit [4], 
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Figure 9.2 Projected increase in the annual C0 2 emissions rate [11], 

This gigantic redistribution machine can be attributed to a single hypothesis: it is going to be 
1.8°C-4° C warmer in the twenty-first century because of the increasing emissions of C0 2 , according 
to the IPCC [12]. But if one concludes that the IPCC projections are unfounded and that only a 
warming of significandy less than 2° C is to be expected, then the setting of priorities for the energy 
agenda changes dramatically. 

In the IPCC report, there is one scenario (A1B) that we believe is realistic and sensible. It includes 
the following [13]: 1) strong global economic growth of 3 per cent annually on average; 2) the world 
population will reach its maximum of approximately 9 billion by 2050 and then will drop back to 7 
billion by 2100; 3) energy efficiency will climb each year at a rate of 1.3 per cent; and 4) a mix of 
energy technologies and resources will be employed. 

In this scenario, annual C0 2 emissions will climb from approximately 25 billion to about 60 
billion metric tons in the year 2050, and then will drop back to 40 billion metric tons by 2100. Note 
that other greenhouse gases are not considered here, nor are emission changes due to deforestation 
and altered land use. This development corresponds to the basic scenario of the International Energy 
Agency until the year 2030 [14], as well as projections from Shell and BP [1]. This will all lead to an 
atmospheric C0 2 concentration of about 700 ppm by the end of the century. However, in contradiction 

to what the IPCC assumes, this will not lead to a warming of about 2.8° C 13 [12], but only 0.85-1.25° 


C, according to our calculation (see Chapter 7). The energy agenda of the twenty-first century thus 
will no longer be driven solely by C0 2 , which indeed becomes just a second-level parameter under 
the comprehensive ecological, economic and social demands on energy supply. 
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Figure 9.3 IPCC prognoses for emissions, C0 2 concentration in the atmosphere and global temperature. Our prognosis is 
added for comparison. Source: modified from AR4 [15]. 

How the world’s hunger for energy can be satisfied 

If one looks at the 2009 Shell energy scenario [16] for the year 2050, the 'Scramble’, the first thing 
one notices is that there is growth in the end-use energy consumption in the emerging countries, 
namely China and South America, and, beginning in 2010, the consumption of energy in the OECD 
countries remains constant. This agrees with the latest estimates of the International Energy Agency, 
who show that 90 per cent of the growth will occur in non-OECD countries [17]. China will account 
for a third of additional kilowatt-hours and for half of the fuel consumption that will be added. Since 
2011 China has become the greatest coal-importing nation in the world. 

Interesting are the shifts in the energy mix itself. Coal and renewable energies in the Shell study 
cover the lion’s share of growth. But what is remarkable for an oil company is the statement that a 
peak in oil supply is expected to occur between 2025 and 2030. The concentrations of climate gas 
C0 2 will shoot past 450 ppm, which the IPCC considers tolerable, and reach 550 ppm. But this in any 
case should not be considered troubling. In our opinion, from today’s perspective, the value will 
probably reach 700 ppm without exceeding the 2° C temperature rise. 

It is clear today how quickly prognoses for single fuels can shift because of technological 
breakthroughs, changed political conditions or discrete events. Just two years after the Shell study, 
Shell showed in its ‘Signals and Signposts’ report a shift in the energy mix to the detriment of coal 
and the benefit of natural gas [18]. What accounted for the switch? At the start of the decade all the talk 
was about a coal renaissance because the chances of capturing and sequestering C0 2 using CCS 


technology were becoming evident. At the end of the decade there were new signals from the EU 
indicating that coal would be very much burdened by the costs of C0 2 certificates (for climate 
protection reasons) to the point that no one would want to pay a penny for coal in Europe. 
Environmental groups and Green political parties were highly successful in preventing the 
development of modern coal power plants and the storage of captured C0 2 underground. Here low 
C0 2 coal technology could have led to C0 2 reduction, especially in coal-burning countries such as 
China and India, if only Europe had been able to show that electricity could be generated without 
economic disadvantage. 

As soon as coal reached a dead end (and the horror of the Chernobyl nuclear power plant accident 
had long since faded) a renaissance of nuclear energy was ushered in. Nuclear energy came to be 
viewed as a low-cost and C0 2 -free source of energy. All European countries, with the exception of 
Austria and Denmark, began to plan new reactors. Even Sweden and Switzerland wanted to replace 
their existing nuclear power plants with new ones. In 2010 Germany reversed an earlier decision to 
abandon nuclear power, which had been enacted by the Socialist-Green coalition government in 2000. 
The 2000 law called for a globally unique limit on nuclear plant operating time of 32 years. The 2010 
U-turn allowed the operating life of nuclear reactors to be extended by 8-14 years. At the same time 
the Netherlands extended the operating time of its only nuclear power plant to 60 years and planned to 
build two new nuclear power plants. 
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Figure 9.4 The demand for energy will continue to rise strongly. Asia is the region of particular growth. Renewable energies and 
coal will supply the demand until 2050 [16]. 

The nuclear renaissance persisted until a horrendous earthquake and tsunami struck Japan in 
March 2011, forcing several nuclear reactor blocks at the Fukushima nuclear power plant to be shut 
down. A few days later the German government announced it would abandon nuclear energy - this 
time permanendy. Will other countries follow Germany’s lead or drop plans to build more nuclear 
power capacity? This is highly unlikely because of the uniqueness of the Japan’s catastrophe. The 
reactor failure was preceded by political failure. Building a protective wall only about 8 metres high 
in a region where a tsunami wave more than 10 metres high strikes every 30 years [19] had very little 
to do with the specific risks of nuclear power and everything to do with irresponsible politics and 
poor company management. 

If the Fukushima power plant had been built to German safety standards, its nuclear reactors would 
have been the only things left functioning in an otherwise completely devastated area. We would have 
seen entirely different pictures being posted around the world. China wasn’t the least bit bothered by 
the images streaming in from Japan and continued on a massive expansion of nuclear energy on the 


very day Fukushima petrified the world. The People’s Republic wishes to satisfy its vast appetite for 
energy by multiplying its nuclear power generation capacity. Currendy there are about 11 gigawatts 
on stream, but that will increase eightfold by 2020. By the year 2015 China will begin the construction 
of nuclear power plants with 40 gigawatts capacity. Germany, needless to say, doesn’t want to 
entertain any thought of this. 

Until recendy, a remarkable symbiosis between nuclear and renewable energy had been the plan. 
As renewable energy, such as wind and solar energy, takes precedence over other forms of energy, 
the resulting fluctuations in their output would be compensated by so-called balancing power. When 
winds are strong, the electricity generated exceeds demand; therefore, other sources of power can be 
reduced. When the wind abates, the other power plants need to be fired up, and quickly. No technology 
can do this as well and on such a great scale as nuclear energy. Nuclear energy can be throttled down 
to 40 per cent of its capacity in a matter of minutes. Indeed, up to 10,000 megawatts of flexible power 
for balancing out the renewable energy output could be provided in Germany before the nuclear exit 
was announced in March 2011 (Figure 9.5). 



Figure 9.5 Nuclear power plants can be regulated within limits with respect to power output. During periods of strong wind 
power generation (lower diagram, all of Germany) nuclear power plants were simply throttled back; here as an example is the 
nuclear power plant in Esensham in January 2009 (upper characteristic line) [20], 

If political acceptance for coal and nuclear energy reaches a dead-end in some industrial 
countries, there will be hope for other energy sources to step in and back up the renewable energies. 
The International Energy Agency is convinced ‘that without a doubt natural gas will play a crucial 
role in the energy supply of the world’ [21]. Forty-four per cent more natural gas will be in demand 
by 2035 than in 2008. At about 6 per cent a year, the demand in China is growing the most rapidly 
[14]. About 35 per cent of the global increase in natural gas production is due to unconventional 
reserves such as shale gas. And it is still unknown to many that, for a number of years, there has been 
a new technology in use for extracting natural gas, one that could revolutionize energy supplies. 
Shale gas has enabled the United States to become independent of the world gas market. Shale gas 
reserves have the potential to be climate friendly, even if it is difficult to extract. 

One decisive advantage is its availability. A wide, prospective shale gas belt extends across Europe 
from the United Kingdom through the Netherlands and Germany to Poland. In northern and western 



Germany, especially in North Rhine Westphalia, one finds the second largest shale gas reserve in 
Europe. ExxonMobil estimates there are 2.1 trillion cubic metres of recoverable gas in North Rhine 
Westphalia alone. That’s enough to meet Germany’s gas demand for electric power and heating 
supply for 100 years. Pumping this gas would not be without considerable intrusion into the ground 
structure. The sub-surface rock formation would have to be shattered using shock waves to release 
the gas. This is known as fracking. And who, if not the famous Ruhr industrial region, would better 
know the risks of an underground intrusion for removing natural resources and bringing them to the 
surface? Unfortunately, a campaign quickly coalesced to prevent energy-rich North Rhine Westphalia 
from entering a new age of prosperity [22-24]. Critics also gained support outside of Germany. In 
June 2011, France decided to become the first country in the world to ban fracking of the bedrock 
altogether [25]. Could protecting the local nuclear industry there have anything to do with that? 

More renewable energies, more low C0 2 natural gas and reduced C0 2 reduction targets by 
recalculating the faulty IPCC prognoses would give us hope that dramatically increasing energy 
consumption will not lead to an unacceptable temperature increase after all. Whatever energy mix we 
eventually reach, with more or with less nuclear energy, with coal power, with or without CCS, we 
will exceed the EU target stabilization level of 450 ppm C0 2 [26] (including other greenhouse gases) 
in the atmosphere. But because the 2° C increase is no longer at risk of being breached, in our view, 
the global community gains lots of room for manoeuvre for achieving a reduction in total C0 2 
emissions and other climate gases in an optimum and reasonable way over the next 40 years. Nature 
has provided us with the time to achieve a sustainable energy supply, and this not only involves the 
generation of electricity. 

The demand for oil for transport will also rise continuously. ‘Total net growth comes from non- 
OECD countries, almost half from China alone where growth will come predominantly from its 
transportation sector’ [14]. With this in the background, political knee-jerk decisions such as the 
introduction of biofuels, which are mainly due to the general hysteria surrounding C0 2 , have to be 
regarded much more critically. The EU target is to supply 10 per cent of its fuel through bioethanol 
based on wheat, rye or sugar cane, including rapeseed oil as a replacement for diesel fuel. As is often 
the case when it comes to climate protection, Germany hastily enacted a law requiring that the share 
of biofuels be 6.25 per cent by 2010 and 8 per cent by 2015. The C0 2 saving from these measures, 
however, is highly doubtful. Because of the IPCC-induced horror scenarios, 20 per cent of Germany’s 
agricultural areas are planted with energy crops today. The C0 2 avoidance effect of this measure is 
estimated to be trivial, yet very expensive. The avoidance cost for biodiesel is estimated to be almost 
200 euros per metric ton of C0 2 . For biodiesel based on wheat, the cost is pegged at about 500 euros 
per metric ton of C0 2 , which is about as expensive as the avoidance costs of photovoltaic panels in 
Germany. Biomass from wood for generating electricity is, on the other hand, at 30-50 euros per 
metric tonne for avoidance cost, comparably inexpensive [27]. Furthermore, the Scientific Council of 
the European Environment Agency says that the energy savings calculation of biomass is flawed 
because you have to deduct the C0 2 that is produced by another use of land [28]. 

When one considers that the increase in fuel demand in China over the coming 25 years alone will 
be five times more than Germany’s annual fuel consumption, and that the additional demand for fuel 
over half a year in China will more than offset the biofuel volume in Germany, one inevitably 
concludes that the hysterical climate debate in Germany urgently needs to return to rationality. There 
are in principle no objections to biofuel or biogas made of organic residual materials. However, 
Reinhard Hiittl, chairman of the Bio Economy Council of the German government, warns in no 
uncertain terms that the use of agricultural land in Germany is for the most part exhausted. Adverse 


effects on the soil and on land-lease prices are already profound [29]. Elsewhere, energy crops have 
already led to widespread deforestation of tropical rain forests and to increases in food commodity 
prices and thus social instability in poor countries. 

But the sun is on our side and is offering us the time we need to organize everything sustainably in 
a reasonable way. There are very sensible solutions for drastically reducing automobile oil 
consumption: efficient diesel engine and Otto engine-powered automobiles, electro-mobility, natural 
gas and biogas as fuels. But time is needed for converting the vehicle fleet - time that climatologists 
have dogmatically refused to grant up to now. For natural gas, we need time to tap into the huge 
reserves; for electric cars we are only at the dawn of battery development and, as things stand, a 
hybrid solution (plug-in hybrids) will have to offset the disadvantages of the time-consuming 
charging of batteries. One million electric vehicles will be on the road in Germany by 2020. The 
number is planned to increase to six million by 2030 - still only just over 11 per cent of today’s 
automobile count. 

Renewable energy for generating power 

Renewable energy technologies have written a new chapter in the history of energy over the last 20 
years. In 1990 renewable energies were confined to the niches of research politics, for example, the 
German government attracted attention in 1989 with a 100 megawatt (!) programme for wind energy. 
In 1991 the Energy Feed-In Act followed, thus guaranteeing wind energy plant investors feed-in rates. 
After the 1992 Rio conference and the 1997 Kyoto Protocol, the subsidizing of renewable energy 
became a fixture of German politics. Many countries in Europe, and later the world, adopted the 
German model. In the early 1990s it was small manufacturing companies that drove the development 
of 150 kilowatt wind turbines into 1.5 MW turbines by the end of the decade. In 2002 the first 2 MW 
class of wind turbines came out, and just a few years later the 3 MW units followed. Today units as 
large as 6 MW of capacity have been tested and will be used for offshore wind farms. 

By using larger rotors - currently up to 130 metres in diameter - and a total height of 180 metres, 
the cost of generating electricity has been reduced to less than a third and is currently down to 6-9 
ct/kWh. At the beginning of 2011, 200,000 MW had been installed worldwide at a gigantic investment 
volume of 250 billion euros. Despite mass production and higher efficiency, costs over the last few 
years have not been reduced much as the requirements for wind plants have become considerably 
more stringent. Because wind turbines have become a major component in power generation in many 
countries, they, like all conventional power plants, have to fulfil technical requirements concerning 
grid compatibility, frequency stability and reactive power compensation. But the triumphal procession 
remains uninterrupted: wind energy will make a major contribution to fulfilling the ambitious goals 
of the EU, United States and China. 

Photovoltaic systems have experienced a considerable drop in prices over the last 20 years. At the 
end of the twentieth century in northern Europe, electricity production costs for photovoltaic systems 
were 50 €ct/kwh, and so it was more of a niche system for use in isolated locations. Today prices 
have fallen by more than half to about 20 €ct/kwh. Although the cost basis is still far from 
competitive, photovoltaic systems have considerable potential as an intelligent solution for supplying 
regions in the sun-rich south that are remote from the grid. Today nearly two billion people have no 
access to a power grid. Here photovoltaic systems can be competitive compared to conventional 
energy, such as diesel-powered generators. 

The worldwide expansion of renewable energies will depend on state subsidies for quite some 
time, as wind, biomass and solar energy are still not competitive compared to conventional energy 
sources. With the exception of a few geothermal power plants in Iceland, Italy and Turkey, only 


hydroelectric power is able to compete without subsidies. 

Electricity prices are heavily dependent on gas prices because gas-fired power plants are the most 
expensive (other than oil-fired power plants) at times of peak demand and thus determine the price of 
power. Therefore, the expansion of renewable energy will depend on the price of natural gas in the 
future. The discovery of the huge reserves of shale gas worldwide will influence the growth of 
renewable energy in two ways: on the one hand, the fluctuating energy generation from solar and 
wind sources needs gas-fired power plants to balance out at times when the wind subsides and the sun 
doesn’t shine. On the other hand, renewable energy will have a difficult time gaining a foothold in the 
market without subsidies if natural gas prices remain low. Naturally, the price of C0 2 is important 
here. In the European Union the price of C0 2 is less than 10 euros per metric ton. A further increase 
essentially depends on the worldwide C0 2 reduction targets. 


Photovoltaic systems have the highest level of acceptance and the highest costs 

Because of the generous subsidies for photovoltaic systems, today more than 30,000 MW of 
solar capacity are mounted on German roofs and as stand-alone systems. The amount of 
sunshine in Germany permits full use of the modules for about 700-1000 hours a year. Usually, 
feed-in is into the local power grid, which is not suitable for taking in a large amount of power 
on site. This requires considerable investment in street cable networks and corresponding 
transformer stations in order to be able to transport any surpluses. So far, photovoltaic systems 
do not deliver any reactive power, which is necessary for long-distance transmission. Because 
the energy is paid to photovoltaic producers by all power customers for a period of 20 years, the 
amounts for the subsidies are piling up and are now currendy more than 100 billion euros [30]. 

This is creating social disparity. As a rule, high income earners and homeowners invest more 
in solar panels. However, tenants and low wage earners, who cannot afford such systems or do 
not have roof space to install modules, end up paying for the massive subsidies via their 
electricity bills. This social transfer of wealth from the bottom to the top amounts to 6 billion 
euros a year in Germany alone. In addition, there is a cross-border transfer between states. This 
is how citizens in the state of North Rhine Westphalia pay more than 1 billion euros each year to 
solar power investors in Bavaria. 

Photovoltaic systems today are subsidized at a rate that is five times more than the average 
wholesale market price. Today almost 50 per cent of the world’s capacity is installed in grey and 
rainy Germany, and thus this has great consequences on power prices [31]. Every German 
household pays 180 euros a year in subsidies for renewable energy, half of it for photovoltaic 
[30]; 6 billion euros went to owners of roofs fitted with solar panels. If this were used to save 
C0 2 cheaply around the world, 600 million metric tons of C0 2 at a price of 10 euros per metric 
ton could be avoided. That would be two-thirds of Germany’s entire annual total output. Much 
would have been achieved if these investments in solar energy had been made in countries where 
the sun shines three times longer, as in North Africa. There, for the same money, three times 
more C0 2 could have been avoided. That photovoltaic systems create secure jobs for Germany 
over the long term is also not the case. Today 70 per cent of the solar modules are imported, 
mosdy from China and other Asian countries [32]. So under the green label, we have managed to 
force the average German wage earner (most not owning any solar modules) to finance the 
transfer of jobs to East Asia through higher electricity rates. 


Our critical examination of the C0 2 avoidance targets does not mean we are arguing against 
energy efficiency and renewable energies. There are good reasons for expanding wind, hydropower, 
biomass and solar energy. As wind, hydro and solar power do not have to be imported, they can 
reduce our exposure to volatile fossil energy price fluctuations on global markets. 

In the meantime the IEA is building on the greater use of renewable energies [14]. Power 
generation from these sources will triple between 2008 and 2035: ‘The share of renewable energies in 
global power production will increase during this period from 19 per cent to almost a third, and thus 
will catch up with coal. This increase will mainly come from wind and hydroelectric power ... Power 
generation from photovoltaic systems is growing rapidly, even though its share of global energy 
production will reach only 2 per cent by 2035’ [14]. 

Thus renewable energies will play an important role in European energy production [11]. This is 
why the contribution of renewable energies to Europe’s energy supply (electricity, heat, 
transportation) will be at least 20 per cent by 2020. For the electric power sector, this will mean a 
share of 35 per cent. Also by 2020 greenhouse gas emissions in Europe will be 20 per cent lower than 
in 1990 and energy consumption will be reduced by 20 per cent through energy efficiency measures. 
The EU member states have strengthened this objective and backed them up with concrete measures in 
the national action plans they have submitted to the EU Commission. Only Belgium, Italy and 
Luxemburg have stated they will not be able to reach the targets on their own. Most states have 
reported they even intend to exceed their national targets (Figure 9.6). 

It is still questionable whether all member states will reach the targets in 2020. A considerable 
shortfall for the savings amounts given in the national action plans can be expected. The shortfall 
results mainly because of the construction speed we have seen thus far due to the protracted approval 
processes. The intense discussions about the size of subsidies for renewable energy in Spain, the 
Netherlands, the Czech Republic and Greece only increase scepticism. The debt crisis does the rest. 
Even if the targets in each country are missed by 10-25 per cent, the construction rate for renewable 
energy systems in each country will have to be several times faster than the rates we’ve seen so far: 
Germany, France, Italy and Spain will need to double the speed, the Netherlands and Great Britain will 
need to triple it, and Poland will have to make its construction speed five times faster than it is at 
present. 
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Figure 9.6 National targets for fulfilling the European 20 per cent target for the expansion of renewable energies compared to 
the year 2009 share [11, 33-34], 

Even more ambitious is the German government’s proposed Energy Concept 2050 [35]. It 
postulates a greenhouse gas reduction of 80-95 per cent compared to 1990. This target can only be 


reached through enormous increases in efficiency, especially in buildings and transportation. In the 
electric power sector, the German government today has firmly decided what share each single 
energy generation type will have. Eighty per cent of the electric power generation will come from 
renewable energies by the year 2050. Natural gas and coal will only be used to compensate wind and 
sun shortfalls. That is a bold target for the world in 40 years. Even more remote from reality are the 
proposals from some political and societal forces such as the Greens, who deem the 80 per cent target 
is too half-hearted. It has to be 100 per cent to satisfy the demands of the Greens. 

This leads us to pose the following questions: 

1. How will grid power fluctuations associated with renewable energies be controlled? 

2. How can the additional costs arising from renewable energy be minimized? 

3. Will there be the political acceptance for the necessary infrastructure projects? 

Without first having concrete answers to these questions, it would be foolhardy simply to give up our 
existing, well-functioning energy supply system. For this reason it is necessary to work on and 
research other alternatives such as nuclear fusion and CCS technology, as a full supply from 
renewable energies in the next decades is a long way from reality. Furthermore, the untapped 
potential of energy efficiency should be increasingly exploited. 

More wind means more volatility 

The lion’s share of renewable energy construction will involve wind energy. Even if the full-capacity 
hours and the annual power production of each turbine of offshore parks increases, the problem of 
fluctuating feed-in power will remain and will only get worse. Figure 9.7 illustrates the current 
challenges for the current power plant park and stability of supply. During January 2010, over the 
course of one month, Germany’s supply of wind power fluctuated between close to zero and 20,000 
MW. 

In addition to the volatile supply of wind, there is yet another effect that needs to be acknowledged. 
There is an asynchronous relationship between supply and demand that occurs repeatedly. This is 
illustrated in Figure 9.7, which depicts the first week of October 2008. The effect here serves as an 
example, and has in fact since been reproduced on numerous occasions. A strong supply of wind 
energy along with a weak demand for power occurs in the middle of the chart. Because of the 
oversupply of wind energy that occurred at this point, the price on the energy market sank to below 
zero. 14 This power was then ‘given away’ to other European countries, even though it had already 
been paid for by German power consumers. 
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Figure 9.7 The black line shows the daytime and night-time power consumption (network load), the green line depicts the 
changing power generation from wind. If reduced demand occurs during the weekend and a high amount of wind energy is 
produced, then the price (lower graph, brown line) drops to near zero, or even becomes negative (negative power prices 
occurred during the course of the year 2008). Once the wind died down, the price skyrocketed because conventional power 
plants could not be fired up quickly enough (2-7 October 2008). 

Storage systems are essential - capabilities must be realistically estimated 

Because of volatility and the inability to plan wind energy, technical possibilities have to be created so 
that power surpluses occurring on certain days can be transmitted and stored, and then tapped later 
during calm days, which occur often enough in northern Europe. Here an improvement in the 
European power grid is essential so that power can be transmitted from power generation points to 
areas that need it. In other words, storage capacities must be expanded. Periods of a few days with low 
or no wind occur frequendy. But what happens when there is a period of ten days with little wind, 
which occurs in Germany about twice a year? If we assume a somewhat reduced annual consumption 
of about 450 terawatt-hours (twh), then the average daily consumption is about 1.25 twh, which 
translates to 12.5 twh for a ten-day period. Currently in Germany the pump-storage power plant 
capacity is 7000 MW, with which about 0.04 twh (40,000 megawatt-hours) of power can be generated 
before it completely runs empty. That means in order to buffer a ten-day period of low wind, 312 
(12.5/0.04) times more than today’s available pump-storage capacity would first have to be installed. 

For Germany and the region of the Alps, this is completely unrealistic due to the problem of 
public acceptance. Therefore, many studies focus on Norway, ignoring the question of whether 
Norway is ready to convert its landscape into a giant pump storage system on a scale that is capable 
of supplying Germany with power. Most storage possibilities currently involve dams with natural 
water feed-in that can deliver power when shortages arise, but are not available as storage basins in 
times of surpluses. In addition, if a need should arise due to a wind lull in Germany, Norway would 
first have to meet its own demand. Although this is just a simple example, it illustrates that potential 
storage in Norway is not at all easy and the difficulties cannot be underestimated. 

Today there are other storage possibilities available, such as batteries for automobiles. Possible 
storage in electric cars, however, should not be overrated. The estimated one million cars that are 
expected in 2020 could consume 3 twh of electrical energy, which corresponds to 0.5 per cent of all 
electric power consumption. The storage capacity then is 10 gigawatt-hours. Ten years later the 
number could be six times higher. By then it will no longer be possible to reduce electrical power 
consumption further year on year. Rather, we will need more electric power in order to become less 


reliant on oil imports. 

Another way to make surplus wind and solar energy available during windless and sunless days is 
to compress air into underground caverns. In times of surplus power, air would be compressed then 
later fed through turbines to produce electricity. But here we find ourselves only at the early stages of 
development. Worldwide storage technologies have not been given enough political attention. This 
applies to chemical storage systems that generate methane from C0 2 with the help of renewably 
produced hydrogen [36], or hydrogen electrolysis itself. Today all these technologies are inefficient 
and so would add to the current price of power. Finally, the ability to control demand for power is 
overestimated because the consumer will be unwilling to give up convenience for minimal savings, 
for example by delaying running the washing machine or dishwasher to times of surplus wind. For 
commercial businesses, this would be even more important. 

Grid expansion and public acceptance are decisive factors 

The current power grid in Germany is built around its existing power plants. There are no high 
voltage transmission lines in Germany that are longer than 60 km from junction to junction. There is 
an extraordinarily high level of grid stability: if one line goes down, others can take over the loads. In 
the future a greater share of power generation is going to come from wind energy in the northern 
regions of the country, onshore and offshore. Once the phase-out of nuclear energy is completed, 
more than 10,000 MW will have to be transmitted from northern to southern Germany. Three new 
direct current transmission lines will have to be built, which will take 10 years. However, bottlenecks 
will occur even earlier as 2800 km of new high voltage power lines will be necessary and will 
require an investment of about 20 billion euros. This does not take the necessary investments in low 
and medium voltage lines into account. 

A decisive factor for comprehensively converting the energy supply system is time. The approval 
and construction time of a high voltage line is between 7 and 12 years, at best. This is foreseeable, 
because of the current unfinished construction of high voltage lines between eastern and western 
Germany, a steady power supply around Berlin, Hamburg and south Germany can no longer be 
assured. The network operator in the East German states (50 Hertz) already has to intervene in the 
generation of power 200 days a year in order to prevent the grid collapsing. Here the grid operators 
see ‘the room to manoeuvre and the available measures for maintaining system stability as being 
mostly exhausted, especially in the winter halfyear ’ [37-38]. Two high voltage lines have been in 
planning since German reunification 20 years ago: in the north, between Schwerin and Kriimmel, and 
in the south through the Thuringia Forest - the so-called Rennsteig. But because of local protest and 
the snail’s pace of the approval process, only the northern line had been completed by December 
2012. For the Rennsteig line, it did not help that the planning was changed and the lines had to run 
underground as the proposed swathe through the forest was not acceptable to local citizens protest 
groups. 

In addition to the investment volumes and protracted approval periods, yet another factor plays a 
central role: political and societal acceptance for all infrastructure projects. Included here are the 
production systems (wind, biomass and biogas, geothermal, hydroelectric power, etc.) as well as the 
networks and storage systems. Near Atdorf in the southern Black Forest, the largest German pump- 
storage system is now in the planning stages. The system is scheduled to begin operation in 2018. The 
water in the upper reservoir is to be fed through a 700-metre long, 7-metre diameter vertical 
hydraulic penstock which will deliver the water to an underground 1400 MW-rated capacity power 
plant. However, environmental groups, citizens and the local Green Party are mobilizing to oppose 
the project. There are similar protests against wind parks, biogas plants and geothermal power plants 


throughout the country. 

Only when all elements of the energy supply infrastructure are accepted will it be possible to 
achieve the desired overhaul of the energy supply system. Even then an energy supply that is 80 per 
cent (let alone 100 per cent) from renewable energy by the middle of the century is unrealistic when 
one takes all these aspects into account. If we wish to cover half of Germany’s needs with renewable 
energy, then the country faces an enormous, but achievable challenge if a sensible cost allocation is 
adhered to and not too much money is spent on the expansion of photovoltaic modules. The other 50 
per cent could then come from low C0 2 emission and flexible power plants, which would supplement 
the renewable energies and provide the necessary reserves. Here a mix of low-emission coal and 
highly flexible gas-fired power plants would make sense. This would lead to a power generation that 
is low in C0 2 , competitive and less dependent on imports. In a word: sustainable. Only when we can 
prove that an energy supply system conversion is achievable without losses in prosperity or jobs will 
countries such as China and India take the German energy route. 

How do the other steps to a sustainable energy supply appear? 

There is no doubt that the world’s expanding population will lead to a rapidly increasing demand for 
energy. So the challenge is much greater. We do not only want the coming additional supply to be 
based on low C0 2 energy over the long term, but we wish also eventually to convert the existing 
supply. The warming of 0.8-1.3 0 C in this century with respect to today is a significant yet 
manageable change in climate. We have recognized that the technological development of renewable 
energies is increasing year after year, but the additional costs are still considerable. We also know that 
the grid conversion and development of storage capacity could take decades. If we add CCS from 
coal-fired power plants, which will also entail a great amount of time, as will the search for new shale 
gas reserves, then the conclusion is plain to see: to achieve everything without putting our prosperity 
in jeopardy, we need time. 

But so far European energy policy has faced a dilemma: some powerful elements demand that the 
conversion be completed for the most part by 2020, and at the latest 2030, and this is based solely on 
ecological reasons. The UN global conference leaves no doubt that C0 2 emissions in the industrial 
countries must be cut by 20 per cent by 2020 and 80 per cent by 2050, and that too much is at stake to 
wait any longer. So wouldn’t it be a welcome stroke of luck if it turned out that C0 2 ’s share of the 
warming were only half as much, or quite possibly even less, and that the 2-degree target will 
certainly be reached, even if we allow ourselves more time to convert the energy supply system? 
Would it not be a wonderful coincidence if declining solar activity over the next decades dampened 
the warming, as a considerable number of renowned scientists now say is likely to be the case? 

Would it not make more sense if conservation of resources once again gained in importance 
instead of hectic, knee-jerk show projects like burning food crops as biofuel, installing solar panels 
where the sun rarely shines or banning incandescent lights before a truly viable alternative is 
available (e.g. LED lamps)? Then transferring hundreds of billions for ineffectively reducing C0 2 
emissions worldwide would be spared. Financial resources would be freed up to implement 
adaptation measures in climatically challenged regions (e.g. Bangladesh, the Sahel), which are 
already necessary due to the natural and anthropogenic warming. 

This does not mean that the strategy of decarbonizing our energy supply is to be stopped ad acta. 
First, a warming of 0.8-1.3 0 C is a considerable change. Second, we cannot be certain to what extent 
the sun will have an impact in the second half of this century. But we do know that we have more time 
to achieve decarbonization by implementing new, renewable technologies, through higher energy 



efficiency, better material consumption and by improving the generation of conventional fossil 
energy in a rational, cost-effective way. Enormous efforts in research will be necessary to develop the 
technology. New technologies should be promoted through start-up financing, but have to survive in 
the market over the longer term without subsidies. To achieve emissions targets through market 
mechanisms, a global emissions trading with upper limits is completely sufficient. Because these 
upper limits would be allowed to rise over the course of the next decades, and only then would they 
have to be reduced, a lower C0 2 price would be reached. This would increase acceptance by all 
industrial and developing countries. Only a global market-economic trading with C0 2 certificates can 
ensure that limited financial resources will be used for effectively reducing emissions. 

That the sun and its effects will usher in colder times is very likely. We cannot be certain whether 
or not the sun will even fall back into a Maunder-type minimum. And in the end we cannot influence 
whether a new Maunder-type minimum, pardy compensated by C0 2 -caused warming, would have 
less of an impact. We are simply forced to accept it. However, our ultimate duty is to supply nine 
billion people with enough affordable and readily available energy that is generated in a way that 
does not damage the environment or climate, and to produce sufficient potable water using water 
processing systems, and to ensure that enough areas are available to feed the population. 

As is the case with every highly developed organism, there is no single solution; it comes down to 
the interaction of all sustainable energy sources, from renewable energy, including low-carbon 
technology and natural gas, including an inherently safe nuclear energy, or even nuclear fusion 
energy. Indeed the fusion energy of the sun is the source of our fossil and renewable energies. 
There’s a lot out there indicating that the cold sun is giving us the time to unravel the secrets of the 
earth’s power - fusion - and to use it without first exposing our planet to uncontrollable climate 
warming. 
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Glossary and abbreviations 


2-degree target: The global temperature rise limit to 2° C, the target of international climate policy 
to prevent a catastrophic manmade disruption to the climate. The target was agreed at the 2010 
Cancun conference. 

Aa Index: Depicts the earth’s geomagnetic activity, which is closely coupled to the activity of the 
sun’s magnetic field. 

Aerosol: Liquid or solid particles that are small enough to be suspended in the air. Because they 
reflect sunlight back into space and contribute to cloud formation, they often have a cooling effect 
on the earth’s temperature. 

AMO: Atiantic Multidecadal Oscillation, a fluctuation in the North Adantic’s current, which leads to a 
change in sea surface temperature. The AMO lasts 50-70 years and has cool and warm phases. 

AR4: Fourth Assessment Report of the UN Intergovernmental Panel on Climate Change, 2007. 

Cap & Trade: The producers of emissions are issued with certificates allowing them to emit a 
certain amount of greenhouse gas (e.g. C02) over a defined period. If the producer emits more 
than the allotted amount, additional certificates must be purchased. A decrease in the emission 
limits is achieved by reducing the number of certificates that are issued. The target is to cut 
emissions where it is most economical to do so. In the European Union, the EU Emissions 
Trading for C0 2 was enacted in 2005. 

CCS: Carbon capture and sequestering, a technology to reduce the quantity of C0 2 emitted into the 
atmosphere and storing it. 

CERN: Conseil Europeen pour la Recherche Nucleaire, the European Organization for Nuclear 
Research, Geneva. With 3000 employees, it is the world’s largest research centre for particle 
physics. It is funded by twenty European states. 

CLOUD: Cosmics Leaving Outdoor Droplets (the Cloud Experiment), An experiment in progress 
since 2006 at the CERN nuclear research facility. Directed by Jasper Kirkby, scientists are 
investigating the impact of cosmic rays on the formation of condensation nuclei (aerosols) in the 
atmosphere and thus cloud formation. 

Cosmic rays: High energy particles (protons, electrons, ionized atoms) streaming from outer space 
which are mosdy prevented from reaching the earth’s atmosphere by the sun’s magnetic field. The 
more active the sun, the fewer cosmic rays that penetrate the earth’s atmosphere. 

CRU: Climatic Research Unit, a facility at the University of East Anglia, Norwich. The CRU records 
land-based temperature measurements worldwide. They form the HadCRUT temperature series of 
the Hadley Centre, Exeter and have been providing data on the global temperature development 
since 1850. 

Dalton minimum: A period of low solar activity occurring between 1790 and 1830 associated with a 
strong cooling of the earth’s surface temperature. 

Eddy cycle: A solar activity cycle with a mean length of 1000 years. 

El Nino: A powerful warming of the upper water layer of the equatorial Pacific occurring irregularly 
every 2-7 years. High and low pressure zones switch location so that atmospheric and ocean 
currents in part reverse during an El Nino event. As a result, weather anomalies occur over much 
of the globe and result in pronounced warm peaks in the global temperature curve with 
magnitudes of 0.2-0.7 0 C. 

ENSO: El Nino Southern Oscillation, an oceanic-atmospheric circulation system in the Pacific region 
involving the El Nino phenomenon and the Southern Oscillation (SO). The latter describes a 



pressure shift between the South Asian low pressure zone and the South Pacific high pressure 
zone. 

FAR: First Assessment Report, the first climate assessment report issued by the IPCC in 1990. 

Feedback: Self-amplification (positive feedback) or damping (negative feedback) of a process. 

Fossil fuels: Coal, lignite, peat, natural gas and crude oil, all created from the biodegradation of 
plants and animals over geological time. 

GISS: Global surface temperature series from the Goddard Institute for Space Studies of NASA 
based on measurement stations located globally. 

Gleissberg cycle: A solar activity cycle with a mean length of 87 years. 

GRACE: Gravity Recovery And Climate Experiment; satellite-supported measurement of the earth’s 
gravitational field. Based on changes of the gravitational field over time, an attempt to determine 
changes in the polar ice mass is made. 

HadCRUT: Global surface temperature data series of the Hadley Centre in Exeter (ocean data) and 
the Climatic Research Unit of the University of East Anglia (land-based temperatures). 

Hale cycle: A solar activity cycle with a mean length of 22 years. 

Hallstatt cycle: A solar activity cycle with a mean length of 2300 years. 

Hockey stick: Temperature reconstruction made by Michael Mann and colleagues for the last 1000 
years depicting a temperature development that was more or less constant before the Industrial 
Revolution, and then rose sharply. The curve served as the mainstay of the IPCC’s Third 
Assessment Report (TAR) of 2001. Data and statistical analysis methods used for the hockey 
stick’s construction were later shown to be flawed and thus the curve is no longer considered 
valid. 

Holocene: The current interglacial time, i.e. the postglacial time. It began after the last ice age ended 
12,000 years ago. 

Ice age: Over the last two million years the earth has been steadily switching between ice ages 
(glacial phases lasting about 90,000 years) and warm phases (inter glacials lasting about 10,000 
years). The last ice age ended about 12,000 years ago. The earth is currendy in an interglacial. 

Interglacial: A warm period between the ice ages. 

Internal oceanic oscillation: Rhythmic fluctuations in sea surface temperatures, atmospheric 
pressure relationships and water current of oceanic regions having imprecise lengths ranging 
from a few years to many decades. It is unknown if it involves pure self-oscillations of the climate 
system or if external factors such as solar activity have an impact. Examples are the PDO, AMO, 
NAO and ENSO. 

Ionosphere: The earth’s atmosphere 80-300 km in altitude where the sun’s UV radiation generates 
large quantities of ions and free electrons. 

IPCC: Intergovernmental Panel on Climate Change, an advisory group established by the United 
Nations. 

Isotopes: Atoms of the same elements, but having different mass numbers. 

La Nina: Cold counterpart of the El Nino. La Nina has impacts over the globe and results in cold 
peaks in the earth’s temperature curve. 

Little Ice Age: A natural cold phase lasting from the fifteenth to the nineteenth centuries, which 
coincided with strongly reduced solar activity. 

Maunder minimum: A period of profoundly reduced solar activity from 1645 to 1715, which 
coincided with the peak of the Litde Ice Age. 

Medieval Warm Period: A natural warm phase that occurred from the ninth to the fourteenth 
centuries and had a temperature level similar to that of today. This warm period coincided with a 
time of increased solar activity. 



Milankovitch cycles: Periodic cyclic changes in the earth’s orbital parameters with periods ranging 
from 10,000 years to 100,000 years which have profound long-term impacts on the earth’s 
climate. 

Millennium cycles: Natural, long-period climate variability with typical cycle lengths of 1000-2500 
years. In many cases the climate runs parallel to the changes in solar activity. 

Moving average: The smoothing of gready varying data sets and their curves by computing the 
average values of successive data points. 

Muon: An elementary particle created by a reaction between cosmic rays and elements of the 
atmosphere at an altitude of approximately 10 km. Muons are suspected of playing a decisive role 
in low-level cloud cover and thus to be involved in controlling the climate. 

NAO: The North Atlantic Oscillation. It describes the rhythmic alternation of the atmospheric 
pressure difference between the Iceland low and the Azores high. Cycle lengths ranging from just 
a few years to several decades occur. The NAO to a large extent affects the winds and the climate 
over Europe. 

NASA: National Aeronautics and Space Administration of the United States. 

Neutron monitor: Neutron measurement system for determining the intensity of cosmic rays. 

NOAA: National Oceanic and Atmospheric Administration of the United States, responsible for 
studying weather and oceans. 

Nuclide: An atomic nucleus characterized by its number of protons and neutrons. Different nuclides 
of the same chemical element (i.e. having the same number of protons but different number of 
neutrons) are designated as isotopes of this element. 

PDO: Pacific Decadal Oscillation. This is the change in the surface temperature of the north Pacific 
region; it has a decisive impact on global average temperature. The PDO lasts 40-60 years, 
having warm and cold phases. 

PETM: Paleocene-Eocene Temperature Maximum. An abrupt temperature increase occurring about 
55 million years ago the cause of which is still unknown. It is interpreted by some as analogous to 
the increase in C0 2 today. 

PIK: Potsdam Institute for Climate Impact Research. 

Postglacial: The last 10,000 years of relative warmth since the end of the last ice age. 

ppm: Parts per million. 

Proton: An elementary particle with a positive charge. 

Proxy: An indirect indicator of the climate, such as a temperature reconstruction from isotopes of 
corals, ice cores or dripstones. 

Radiative forcing: A term introduced by the IPCC to describes the degree an external disturbance of 
the earth’s radiative budget has on the climate system. This can include variations in the irradiative 
intensity of the sun, changes in the concentration of greenhouse gases or aerosols, or changes in 
surface reflection (albedo) of the earth’s surface. Radiative forcing is expressed in watts per 
square metre (W/m 2 ). 

Renewable energy: Energy from sources that are self-renewing or that are endlessly available, such 
as hydropower, solar energy, wind energy, geothermal, tidal currents or biomass use. 

RSS: Satellite supported global temperature data set generated by Remote Sensing Systems, Santa 
Rosa, CA. 

SAR: Second Assessment Report of the IPCC, released in 1995. 

Schwabe cycle: Solar activity cycle with a mean length of 11 years. 

Sensitivity: Climate warming resulting from the doubling of atmospheric C0 2 concentration. 

SIM: Spectral Irradiance Monitor. A measuring instrument on NASA’s SORCE satellite which 



records the flux of individual solar irradiation types coming towards the earth. 

Stratosphere: The layer of the earth’s atmosphere above the troposphere at an altitude of 15-50 km. 

Suess/de Vries cycle: Solar activity cycle with a mean length of 210 years. 

Sunspot: A dark, cooler spot on the sun’s surface accompanied by brighter zones, so-called faculae. 
The number and size of sunspots is the simplest measure of solar activity. The greater the number 
of sunspots, the greater the level of solar activity. 

TAR: Third Assessment Report of the IPCC released in 2001. 

Troposphere: The lowest atmospheric layer of the earth, up to 15 km in altitude. Some 90 per cent of 
the air is found in the troposphere and almost all water vapour, which means most weather events 
take place here. 

TSI: Total Solar Irradiance; the total irradiation from the sun reaching the upper edge of the earth’s 
atmosphere over 1 square metre. It includes all wavelengths. 

UAH: Satellite supported global temperature data set gathered by the University of Alabama, 
Huntsville. 

UV: Ultraviolet radiation; electromagnetic radiation that is invisible to the naked eye and with a 
wavelength shorter than that of visible light. 

Volatility: Variations in the generation of solar and wind energy, or in the price of electric power. 

WBGU: Advisory Council on Global Climate Change for the German government. The WBGU is an 
independent scientific advisory council and recommends action and research concerning global 
environmental and development problems. 

WWF: World Wildlife Fund. 
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